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P REFACE TO REPORT No . 4 , Papua New Gui nea Human Ecology Programme 
The pre sen t volume is on e of a serie s reportin g the findin gs 
of the Papua New Guine a Human E cology Progranune . This Programme has 
been conducted within the framework of Une s co ' s Man an d the Bio sphe re 
P rogramme , Pro j e ct Area No . 11 (MAB 1 1 ) , wh i ch is concerned wi th 
in tegrated eco logi cal s tudie s on human se ttlemen ts . The Programme 
has been under the leade rship of Dr . Ken Newcombe of the Centre for 
Resource and Envi ronmen tal Studies of the Aus tral i an Nationa l 
Un ivers i ty .  It has been supporte d  finan cially by Unes co , UNEP and 
the Aus tralian National Unive rs i ty .  
The aim o f  MAB 1 1  i s  to promote an in tegrative e cological 
approach to the s tudy and p l ann ing of human sett lements . Thi s involves 
the sys tematic analysis and des cription of the dynami c e co logi cal 
inte rre lation sh ips wi thin s ettlemen ts and between settlements and the ir 
hin terlands , and then the application o f  the integrative concepts and 
methods deve l ope d in thi s  work to poli cy formulation and planning for 
the future . The pro j ects are con ce rned with changi ng patte rn s  o f  flow 
and of use of ene rgy and o f  resources , and wi th the imp l i cations o f  
thes e  change s both for the re lation ship between human societi e s  and 
the natural e nvi ronment and for the qual ity of l i fe of people living 
in the settlemen ts and their hinterlan ds . 
MAB 1 1  puts a gre at deal o f  emphasis on the nee d for e ffe ctive 
in teraction be tween research worke rs on the one hand and plann ers and 
decision-mak e rs on the other , and it advocates the active involvement 
of the latte r group in MAB 11 proj ects . 
The Papua New Guinea Human E cology Programme is entirely 
consisten t with these aims and obj ectives o f  MAB 1 1 .  The work on the 
Ci ty of Lae and i ts hinter land has been con ce rn ed wi th such importan t 
e cologi cal cons ide rati ons as the fol lowin g : - patte rns of ene rgy use , 
and in particular alternati ve and renewable source s of ene rgy in the 
future ; changing die tary habi ts ; the vari ous s ocial impacts of the 
introduc ti on of the money-based economy and of consume rism;  and the 
e f fects of chan ging societal condi tion s  on l i fe s ty l e  and hea lth and 
we ll-being. The re has been active participation by membe rs an d s taff 
of the Lae Ci ty Counci l and of the Un iversity of Technology at Lae at 
a l l  s tages o f  the Programme . 
The emphas is in the presen t  volume. which has be en pr�pared by 
Dr Newcombe , is on patterns of energy use ir· rhp srudy area �nd with 
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alternative energy sources for the future. Other volumes in the series 
are " From Kaukau to Coke : A s tudy of rura l and urban food hab i ts in 
Papua New Guinea" by D. Je ffries ( 19 79 ) ; " Chimbu People unde r  Pres sure : 
The soci a l  impact of urbani s ation " by J. Dalton ( 19 79 ) ; " Consume r 
Behaviour in Papua New Guinea: I ts social and ecologi cal impli cati ons"  
by M .  Chri s ti e  ( in p ress ) .  
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Chapter 1 
The Policy Context 
Thi s UNESCO/UNEP spon sored study has been conducted within 
the framework of the Man and the Bio sphere ( MAB )  Programme ,  Pro j ect 
Area No . 1 1 ,  which is concerned wi th integrated eco logical s tudies on 
human settlements . While much of thi s  re search deal s with relation­
ships and interact ions between component parts o f  settlements ,  the 
ecology of a settlement is of nec e s s ity a function of its relation­
ships with its hinterland ; its surrounding , or di stant and 
disaggregated catchment areas for informat ion , materials , energy and 
people .  There fore the study of the ecology of a city is also the 
study of its growth , or decl ine , as a centre of act ivity and population ; 
a study of the dynamics and consequences of urbanization . 
In the research reported here we are concerned primarily wi th 
energy flow and end use , and thereafter with the potential for 
alternative patterns of supply , and al ternative sources o f  energy 
which serve the ecological goa l s  of s tabil i ty and long term viability , 
compatible with the integrity o f  na tural ecosystems and with human 
we l l -being . 
UNESCO has def ined the obj ective s o f  MAB 11 as both descriptive 
and policy-oriented , as inferred in the Report of the 
MAB 11 (UNESCO , 1 9 76 ) . 
Task Force on 
" ( l )  The study of systems of settlements , or particular 
settlements and their components as ecologi cal systems with particular 
reference to input-output s tudie s ,  or budgets of material and energy 
flow combined wi th the analysis of interrelationships between the se 
proce s s e s  o f  the settlement system and human well -being . 
( 2 )  The study of the interac tion be tween the human settlement 
( or settlement pattern ) and the natural ecosystem of which it is part , 
with parti cular attent ion to the short and long term e f fects of each 
on the other , the capacity o f  the natural sys tem to support human 
activity , and the need to plan for maximum sustainabl e use and 
conservation of natural re source s . "  
overl aying the goals o f  UNESCO and UNEP in MAB 1 1 , which are 
in fact determined by a globally repre sentative council of nation 
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state s , i s  the pol icy manife station of the aspirations for deve lopment of 
the nation state in which the se studie s take plac e . 
Papua New Guinea i s  a newly independent nation state , gaining 
its Independence from Au stral ia , which held responsibility for its 
administrat ion as a Tru st Territory , in Septembe r  1 9 7 5 . Within a 
year of !ndependence Papua New Gu inea ' s  l eader s had determined the 
elements of a national development s trategy (Nat . P lanni ng Committee, 19 76 ) . 
It was with thi s deve lopment strategy in mind that re search 
proceeded in Papua New Guinea , and with the advice o f  the admin istra­
tion , spe c i f ically on Lae and its hinterland . 
The ' e ight point plan ' for deve lopment in Papua N ew Guinea 
was a s  fol lows : 
1) A rapid inc rease in the proportion of the e conomy unde r  the control 
of Papua New Guinean individuals and groups , and in the proportion 
of personal and property income that goe s to Papua New Guineans . 
2) More equal d i s tribution o f  economic bene f it s , including movement 
toward equalization of income s among people and toward equalization 
of services among different areas of the country . 
3 )  Decentralization of economic activity , planning and government 
spending , wi th emphas i s  on agr icultural deve lopment , vil lage 
industry , better internal trade , and more spending c hannel led to 
local and area bodies . 
4 )  An emphasi s  on small scal e arti san , s ervice and busine s s  activity , 
relying where po s s ible on typically Papua New Gu inean forms of 
bus ines s  ac tivity . 
5) A more sel f- rel iant economy , l e s s  depende nt for its needs on 
impo rted goods and s e rvic e s , and better able to mee t  the needs 
of its people through local produc tion . 
6 )  An inc reas ing capac ity for mee ting government spending from 
loca l ly raised revenue . 
7 )  A rapid inc rease in the equal and active partic ipation of women 
in all forms of economic and social activity . 
8 )  Government control and involvement in thos e  sectors o f  the economy 
where control is neces sary to achieve the des ired kind of development . 
Al l but the seventh point of this e ight-point plan cc n be sati s fi ed, 
directly or indirectly , by the development of an ener gy str ategy which 
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empha sises the maximum economic use o f  locally avai lable renewable 
energy re sourc e s . The following chapter s of thi s  report de fine the 
absolute amounts and the patterns of energy use in brief overview for 
the economy as a whole ,  and in detail for the c i ty of Lae . Lae wa s 
expected to be typical of the contex t of energy use and the features 
o f  urbanization as they affec t energy and material use and distribu­
tion . This view appears to be vindicated fol lowing the exper ience 
of the last three years , 1 9 7 7-80 , for the options for alternative 
energy development and management are truly options for much of the 
rest of the country . 
Ther e  are several impor tant cons iderations that must be borne 
in mind when evaluating the pol icies and p rogramme s  ari s ing from thi s 
research . 
In the first ins tanc e  an energy economy based on solar der ived 
sources , such as bioma s s , direct solar radiation and, to a l e s ser 
extent , wind or hydro-power , i s  c losely compatible with a development 
s trategy emphas i s ing decentrali zation , equal distr ibut ion of bene fits 
and services and sma l l  scale artisan activities ,  because ,  by their 
nature , solar energy forms are diffuse and distributed . Indeed 
considerable e f fort and expense mus t  be applied to concentrate solar 
energy forms , which i s  one reason why solar based energy strategies 
suffer economic disadvantage s in indu strialized-urbani zed nations 
where population and economic ac tivity i s  highly c entra l i zed and 
energy-intensive . 
Conversely it is no coinc idence that renewable solar -der i\?ed 
energy forms are directly compatible with the already dispers ed 
energy needs of the non-urbanized countr i e s  o f  the Pac if ic region . 
It i s  c lear that many of the alternative renewable source s  
o f  energy availabl e i n  the trop.k:al regions a r e  accessible and 
manipulable with techniques and technology abl e  to be �ompl etely 
under the control of rural or village peoples, and can add reasonably 
to their qual ity of l ife . Here we can re fer to very sophisticated 
technolog'.' such as photovoltaic c e l l s  through to more s imple though 
e ffic ient and convenient charcoal production and cooking devices . 
A further aspect of pol icy ar ises from the use of bioma s s  
fue l s  as part o f  a n  energy strategy t o  exploit locally avai lable 
renewable energy forms . It is e s sential to view energy production 
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in this context as just one part of a production system providing, 
as well, food and other essential materials. Furthermore, the 
pattern of energy production will invariably affect or be influenced 
by culturally determined perspectives and social behaviour, and 
will have direct or subtle implications far beyond the thermodynamics 
of servicing a demand for a fuel. 
Energy planning is thus intimately related to, and influential 
in, planning for food production and social change. 
This is especially important in planning for the production 
of biomass fuels, for it is rare for therenot to be potential for 
integrated complexes producing in addition, food or materials, that 
greatly influence, if not ensure, the ecological and economic 
viability of any progranune ostensibly to produce just energy. 
It is frequently true that an integrated ecological approach 
to energy production will lead to the development of production and 
management systems which have desirable consequences for the social 
well-being of communities as well as for food production and resource 
management in general. The present development of the City of Lae as 
an urban-agro-ecosystem (Newcombe and Pohai, 1979), arising from this 
MAB 11 project, is an example of this kind of development. 
One final policy issue is the problem of trying to satisfy 
more than one development goal at the one time. It is often the case 
for example that an import-substitution progranune can be economically 
viable, can add to the existing array of rural industry and contribute 
to the general infrastructure required for rural development and 
provide employment, but cannot economically involve small-holders in 
the production process. Here a clear policy decision must be made 
by the government acknowledging the limitations presented and 
addressing the net benefits of the increased self-reliance and 
independence. 
In the overview of developing countries in the Asia-Pacific 
region there is one salient feature which impinges upon the formula­
tion of an energy policy. It is that they are, with few exceptions, 
non-urban societies, now subject to rapid urbanization. If there is 
a desire expressed in the guiding philosophy of the particular nation� 
development strategy to constrain the rate of urbanization, and to 
focus resources on balanced rural development, then this broadly 
5 
defines the energy pol icy o f  the nation . The energy policy o f  the 
country must , on the one hand , aim to sustain and stabilise the 
supply and p roduction of fue l s  in customary use in the vil lage 
sector and supplement the se with whatever new , and truly bene ficial 
energy sources and re lated technologies which do confer an add ition to 
the quality of l i fe of rural people and which s imul taneou sly g ive rise to 
an equitable dis tribution of the nations deve lopment expenditure s .  
On the other hand it mus t  be acknowledged that not only is 
cont inued urbani zation inevitable , and that at a minimum ci ties wil l  
cont inue t o  grow i n  size , but that urban settlements are the location 
of the maj ority of the demand for imported petrol eum fuel s .  There 
i s  an argument , which can be put convincingly , that urbanization is the 
natural corol lary o f  economic development . Bearing the se facts , 
trends, and perceptions in mind , it i s  important to ensure that the 
patterns o f  urbani zation and urban planning are sensitive to the 
energy costs and evolve an energy e f fic ient infrastructure for urban 
l i fe in order to reduc e  the burden of urbanization on the nation as a 
whole , and to enable the vision of ba lanc ed rura l deve lopment 
some chance of realisation . Maximi sing the use of energy and nutrients 
natu rall y  availabl e within urban c entre s through the creation of 
integrated complexes of re source management, involving organic cyc l ing 
and energy extraction, is entire ly consistent with bal anced rural 
deve lopment bec ause it reduc es the economic burden of urban wel fare 
and reduce s  the demand the urban settlement makes on its hinterland 
for food , energy and re sources . 
The c hapters contained in this volume deal particularly with the 
options for transferr ing the popul ation of Lae to a renewabl e energy 
ba se . Other volumes wil l deal with the cons truc tion of e s sential cyc les 
of nutr ients ,  and energy and resource recovery within the c i ty , and wi th 
the rural component in thi s study of the rural -urban dynamic s of Lae and 
its hinterland. 
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Chapter 2 
Energy and Urbanism in Papua New Guinea: 
The Industrial City o f  Lae 
7 
I NTRODUCTION 
Papua New Gu inea is a sma l l ,  re cently independen t ,  Th ird 
World s tate in the S outh Paci fic . La te las t cen tury, and in the 
early years of th is century , the New Guinea sec tion , or the northern 
ha l f  of Papua New Guinea ,  was subj ected to the control of a Ge rman 
adminis tration , mo s tly through Ge rman trading compan ies and 
mi s s i onarie s .  Al though thi s  early inf luence is still detectable , 
it has been the success ion of Australian governments who took over 
admin i s tration during World War I ,  and who gained the Terri tory of 
Papua New Guinea as a protectorate after World War I I , that have 
deve loped the economy and moulded much of the physical and social 
context in whi ch current planning and re sourc e management i s  set 
{Wi l l i s , 1 9 74 ) . It is a Wes tern industrial mode o f  development with 
Aus tralian variations on the general theme , tha t i s  the legacy of 
thi s  Third World state , and which has determined its current pattern 
o f  conunercial energy supply and demand . Economi c development so far 
in Papua New Guinea has been biased greatly towards an urban 
industrial base , and thi s ,  as we sha l l  s ee , is clearly r e flected in 
the pa tterns of energy flow . 
Thi s nation has there fore developed a large and rapidly 
growing dependency on imported petroleum products , and littl e e f fort 
ha s been made to date to develop plenti ful indigenous renewable energy 
sources . Papua New Guinea a lso imports signifi cant quan ti ti e s  o f  
energy- intensive goods , such as iron and s t e e l  products , cement , 
n itrogenous ferti l i sers and , mos t  importantly , in exce s s  of one-quarter 
of its to tal food requirements. { Shaw ,  1978) . 
Up un ti l  Independence ,  the Australian administration and 
bus ines s  c onununity dominated urban-based consumption and dic tated , 
through marke t force s ,  the formulation of a large trade in imported 
consumer durable s ,  imported foodstuffs and luxury items such as motor 
vehicles , and created a pro f i table trade in c igarettes , soft drinks 
and bee r .  From the his tory of Thi rd World development all o f  these 
trends might have been an ticipated , and it i s  not the purpos e  of this 
pape r to make conunent on the ir social va lue , other than to emphasise 
tha t they are , for the mos t  part , energy- intensive habits , cultivating 
the use of i ncreasingly scarce energy forms in an economy unab le to 
8 
buf fe r  the p res sure of multip lying ene rgy prices that are certain to 
be part o f  P apua New Gui nea ' s  future . I n  other words , acknowledging 
the perhap s  unwitting defic i e ncies in previous p l anning in th is 
respec t ,  there is  amp l e  room , and great need , to create a le s s  energy­
intensi ve , more re source- conserving future , and to plan for economic 
deve l opment and human wel l-being wi thin de finable and invio lable 
ecological and thermodynami c l imi tations .  
Thi s research , part o f  the Papua New Guinea Human Eco logy 
P rogranune , has been de signed to de l ineate current patte rn s of energy 
use , and to eva luate the obs tacles these represent to the achi evement 
of  stable deve lopme n t ,  and to propose policy for future energy and 
re source management in co- operation with all tiers of  government , 
including i nformal vil lage and settlement organ i sation s . 
Papua New Gui nea in a g lobal perspective 
P apua New Guinea is located wi thin the humid trop ic s, la titude 
2 °- 1 0
°
south , and naturally share s much in common wi th tropical highl and 
and lowland systems in S outh Asia and the South Pac if i c .  S olar 
insolation i s  abundant and biological produc tivity i s  high , as is  
humidity and ra infa l l  in mos t  o f  the lowl and coastal zones . Papua 
New Guinea ' s  greate st natural a s s e ts from the energy viewpoint , are 
its fore sts and its hydro-power resources . There are about 1 5  mi ll ion 
hec tare s of operable fore s t  in Papua New Guinea , between 3 and 12  time s 
llK>re per cap i ta than other countries with ma j or fore st resources in the 
As ian region ( FAO ,  19 76) . Even the va st areas of degraded but climax 
kunai gra ss lands in Papua New Guinea could constitute an inva luable 
resourc e for short rotation forestry,with energy as the key produc t 
( see Harris, 19 7 8 ) . 
The population of Papua New Guinea , though only about 2 , 95 9 , 800 
in 1 97 8 , is estimated to be growing at close to 3% per annum. with 
about 2 . 5% per annum growth in the rura l population and up to 7 . 5% per 
annum for a large proportion of the urban population . Total energy 
supp l y  in P apua New Guinea from imports in 1975-1976 was about 4 
mi l lion barr e l s  of oil equiva lent (Mboe ) or 2 4 3 x 1 0
8
MJ .  Total per 
c ap i ta consump tion in 1 976 was about 41MJ ,  of wh ich 2 4MJ wa s imported 
petroleum p roduc ts and 16MJ was firewood ( es timated from Newcombe , 
9 
1979) . Table 1 ,  viewed in re lation to Figure 1 ,  indica te s the fue l 
type s utilised and the proportion th ey con tribute to total end-use in 
per capita te rms . Tabl e 2 place s the use of commercial energy forms , 
that is pe tro leum fue l s  and e lectricity , in the perspe ctive of per 
capita ene rgy use within South Asian , S outh Pacific and se le cted 
indus trial s tate s .  
In the first in stance , it i s  clea r that the non- corranercial 
ene rgy form of firewood contribute s close to 40% of pr imary ene rgy 
us e ,  and mus t  take priority in energy planning , for it is , additiona lly ,  
the fuel mos t  commonly used by Papua New Guinean s ,  be ing the predominant 
energy sourc e in rural vil lage communitie s .  In fac t ,  if the energy 
use by one ma j or compan y ,  the Bougainville Copper Ltd . (BCL) , 
amoun ting to 8 . 5MJ/capita , is excluded from the calculation , energy 
from fore st biomass amoun ts to hal f  the total energy use . It is an 
in teres ting re fle ction in its e l f  that the size of the Papua New Guinean 
economy is suc h  that one single mul tinational utilises 2 1 %  of the 
nation ' s  ene rgy j ust to generate its e lec tricity requirements. 
In re la tion to other coun tries in the region Papua New Guinea ' s  
per capita use of petroleum products is smal l ,  being rough ly equivalent 
to that o f  I ndia , and the Philippine s .  However ,  in a global context , 
its leve l o f  energy use is tiny , being 0 . 05% and 1 . 5% of the United 
S tates and Aus tra lian consumption respectively , and still only 7 0% 
of the per capita use in the deve loping world as a who le ( U . N . , 1 9 7 5 ) . 
The mode rn  energy forms 
Papua New Guinea was not administered by a European power 
until the 1800 ' s and even then con tact between the European s and the 
indigenous population wa s minimal ,  being restricted to administrat ive 
pos ts in coa stal area s s e rved by boat and ,  later , in the 192 0 ' s, by 
ae roplane . Con tact with the hinterland was by foot and pe rhaps the 
most important energy transformation which this contact occasioned 
wa s the greater e fficiency of utilisation of muscle energy made 
possible by the use of European tools , such as steel axe s ( S alisbury , 
1962) . Road sys tems to th e hin terl and reached only ten s o f  miles 
prior to World War I I , which probably constituted the fir st contact 
of a genuinely high ene rgy society with the neolithic communitie s of 
1 0  
Table 1 Imports and Production of Pr imary and Secondary Energy Forms 
19 7 5 - 7 6  
Primary Energy Speci fied MJ x 10
8 
Unit s 
Petrol (benzine ) 1 2 5 . 9Ml 4 3 . 17  
Aviat ion fuel s  
-'Avtur ' 
- ' Avgas ' 
40 . 2Ml 
1 8 . 0Ml 
Distillates (diesel) 2 2 1 . 4M l 
Fuel oil 2 14 . 3Ml 
Liquefied Petroleum 
Gas 5 . 6.Ml 
Kerosene 14 . 9Ml 
14 . 62 
6 . 07 
84 . 1 2 
88 . 50 
1. 47 
5 . 48 
F irewood l . 19Mte 1 61 . 1 0 
Hydro-electricity 2 06 . 6GWhr s 7 . 44 
TOTAL 
Se condary Energy 
Petrol (benzine ) 
Aviation fuels  
- ' Avtur ' 
- ' Avgas ' 
1 2 5 . 9Ml 
4 0 . 2Ml 
18 . 0Ml 
4 1 1 . 97  
4 3. 1 7  
Distillates (die s e l )  198 .  8Ml 
14 . 6 2 
6 . 07 
7 5 . 54 
5 . 3 1 Fuel oil 1 2 . 9Ml 
Lique fied Petroleum 
gas 5 . 6Ml 
Keros ene 14 . 9Ml 
1 . 4 7 
5 . 4 8 
F irewood 
E lectri c ity 
- from Fue l o i l  
- from Diesel 
- from Hydro 
TOTAL 
l . 19Mte 161 . 10 
670 . 0GWhrs 24 . 1 2 
69 . lGWnrs 2 . 49 
2 06 .  6GWhrs 7 .  44 
346 . 81 
% o f  Total 
1 0 . 5 
3 . 5  
1 .  5 
2 0 . 4  
2 1 .  5 
0 . 4  
1 .  3 
39 . 2  
1 .  8 
100 . 1  
1 2 . 4  
4 . 2 
1 . 8  
2 1 . 8  
1 .  5 
0 . 4 
1 . 6 
4 6 . 5  
7 . 0  
0 . 7 
2 . 1  
100 . 0  
MJ/Capita/Day 
4 . 2  
1 . 4  
0 . 6  
8 . 2 
8 . 6  
0 . 1  
0 . 5  
1 5 . 7  
0 . 7  
4 0 . 0  
4 . 2 
1 . 4  
0 . 6  
7 . 4  
0 . 5 
0 . 1  
0 . 5  
1 5 . 7  
2 . 4  
0 . 2  
0 . 7 
33 . 7  
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Figure l 
RELATIVE SHARE of TOTAL E NERGY USE of MAJOR PRIMARY FUELS 
and EL E�TR ICITY 
FIREWOOD 
39·2 % 
PETROL 
10·5 % 
AVGAS 
1·5 % 
AVTUR -
3·5 % 
HYDRO-ELECTRICITY 
1·8 % 
LOST 
t o  
LOW GRADE HEAT 
( 1 % of IMPORTS) 
KEROSENE 
1·3 % 
-..;;:::::J.----- L .P.G. 0·4 % 
FU EL for ELECTRICITY 
GENERATION (8.C.L.) 
(94 % of FUEL OIL l 
LOST to LO W GRADE HEAT 
(14 % of T OTAL IMPORTS) 
TOTAL ELECTRICITY GE N ERATED 
(22 % H YDR O- ELECTRICITY) 
12 
Table 2 Global and Regional Comp arison of Ene rgy Consump t ion 
wi th Pap ua New Guinea , 19 75  
Place 
World 
Develop ed Countries * 
Deve loping Co untrie s * *  
Pap ua New Guinea 
Pac i fic Islands * * *  
New Hebrides 
SololTK)n I s lands 
Fi j i  
Aus tralia 
Indones i a * * * *  
India 
Tonga 
Phi l ipp ines 
Japan 
New Zealand 
Nepal 
Prima ry Conune rcial 
Fuel ( MJ/Cap i ta/Day ) l 
1 7 0  
5 1 0 . 7  
3 3 . 6  
2 4 . 3  
76 . 2  
47 . 0  
20 . 2  
48 . 8  
5 4 3 . 5  
14 . 9  
1 8 . 5  
1 2 . 8  
2 7 . 3  
30 3 . 6  
26 0 . 7  
0 . 84 
Non- conunercial Fue l s 
Fue lwood2 Dung3 
Cubi c Metre (or othe r)  
(MJ /Capi ta/Day ) 
15 . i+ 
1 6 . 2  
5 . 4  
4 . 3 (11 ) 4 . 0  
1 1 .  5 
2 . 6 
1 3 . 1  
* The deve loped market economies of Aus tralia , Canada , I s rael , Jap an 
New Zealand , South Africa , Uni ted S tates and We s tern Europe 
( i nc l ud ing Yugoslavi a ) . 
* *  The deve lop ing marke t  economies of Afri ca , Caribbean Ameri c a ,  South 
America , other America , Middle Eas t ( including Turk ey) , Far Eas t  and 
Oceani a .  
* * *  Pac i fi c  I s l ands ( Tr us t  Te r ri tory ) comprises the Carol i ne , Mari ana 
and Mars hall I s lands e xcep t  Guam . 
* * * *  Indone si a inc lude s We s t  I rian . 
Data de rived from ' World Energy Supp lies ' 195 0-1974 , S tati s ti cal 
Papers Series J, No . 20 ,  Uni ted Nations , 1976. 
!Kg of coal equivalent has been taken as 30 . 59MJ . 
2 ESCAP ( 19 7 8 )  These data is clearly a guess timate by ESCAP . 
3 REVELLE ( 19 76 )  . 
4 Tni s  research ( see Newcombe et al , 19 7 8 ) . 
1 3  
Papua New Guinea . The occupy ing Japanese , Aus tra lian and Ame rican 
force s  dramatical l y  in crea sed the energy inten sity of human activity 
in a few short years, and laid in pl ace a super- struc ture of road s 
and airports that fac i l i tated rapid transition to th e fo ssil fuel 
era for Papua New Guinea. I n  Morobe Province alone at the end of 
the Pac i f ic Wa r 40 , 000 Americans were stationed at Nadzab , then a 
large military airbas e , and diesel fuel was pumped 40krn from bunker 
storage at the wh arve s in Lae serviced by the U . S .  fleet ( H . N i all , 
per s .  comm . , 1 9 7 8 ) .  
Thi s  i s  ref lec ted i n  the trends o f  per cap ita energy use for 
the fos sil  fue l s  and e lec tricity indicated in Figure 2a, wh�ch shows 
almo s t  exponential growth in the use o f  thes e  fue ls , probably 
sta rting pos t-War , and ending in 1 9 7 1 - 1 9 7 2 , wi th an al leged temporary 
exodus of European s from the Aus tra lian Tru st Te rritory. Thi s sudden 
s tagnation in ene rgy growth was repeated again during the ene rgy 
cri s i s  and p re - I n depen den ce periods . Tab le 3a provi des the fine 
de tai l of changing growth patterns fo r each fue l type for the 
20 year pe riod . Th is in formati on i s  s ummaris ed in Tab le 3b . 
During the las t de cade the maj or pe troleum fue ls showe d an average 
grow th rate per cap i ta e xcee ding 8% , fal ling to 4% in the las t 
four years ( see Fi gure 2b) . Thes e re cen t fluctuati ons i n  energy 
growth provi de on ly a ve ry tenuous base for fore cas tin g  future 
ene rgy deman d , i f  the growth in energy use were le ft untramme lled by 
con se rvati on and othe r ene rgy management ini tia ti ves . Pe rhaps the 
mos t  comp l i cati n g  factor in the es timation o f  future ene rgy deman d 
i s  the like ly rate an d exten t o f  urbani s ation duri n g , and by the 
en d o f , any o f  the periods for wh ich fore cas ts mi gh t re asonab ly be 
attempted up to , say ,  202 5. 
Urban- rura l diff erences 
Two things are immediately obvious to the visitor to Papua 
New Guinea ; one i s  tha t the cities are high energy centre s and that 
there are sharp differences in l i festyle between the European s and 
affluen t  Papua New Gui nean s and the large-body of settlers in and 
around the c i ties . In 1 9 76 Papua New Guinea's urban- industr i a l  
sector used roughly 70% of imported o i l  products exc luding av iation 
fuel s ,  though at thi s  time urban dwel l ers were only 1 1 % of the total 
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Figure 2 a Papua New Guinea Fue l Imports , 1 956- 7 6  
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Table 3 (a) Trends in Electric�ty Production arxl Imports of Petroleum Products, 1956-75 
Liqlleficd Petrol- Aviation Automotive Aviation 
ei;r,1 Gas (L.P.G.) Gasoline Gasoline Turbine Fuel 
Year Pop. 
(OOG's) 1".J/Cap/Day ' MJ/Cap/Day \ MJ/Cap/Day ' MJ/Cap/Day ' 
Change Change Change Change 
--
56/57 1748 o. 74 1.00 
57/58 1788 0.53 -39 1.18 18 
53/59 1825 0.66 20 0.97 -22 
59/&0 1855 0.88 25 1.27 24 0.07 
60/61 !904 0.64 -37 1. 34 5 0.17 250 
"il/62 1972 0.83 23 1.27 -5 0.01 -1700 
-)2/6] 2025 o. 53 -57 1. 70 25 0.07 700 
63/64 2059 1.28 59 1.59 -7 0.08 14 
64/65 2149 1 · 
0.95 -35 1. 51 -5 0.19 137 
65/G6 2185 0.91 -4 1.83 18 0.42 121 
6C::/b7 I 2231 1. 22 25 2.29 20 o. 52 24 
67/f",8 2292 1. 25 2 2.30 l 0.67 29 
(.13/69 2353 0. 78 -40 3.13 27 1. 03 55 
69/70 2418 0.1 0.85 8 3.19 2 1. 32 29 
70/71 2490 0. 12 20 0. 53 -40 3. 36 5 1. 65 24 
il/72 2552 o. :ll 70 0. 78 32 4. 22 20 1.95 18 
7'£/73 2620 G.13 -.39 0.65 -20 3 . 14 -34 1 . 83 -4 
73/74 2683 0.17 24 0. 72 10 3. 71 15 1 .41 -23 
74 /75 2762 0.16 -6 0.82 12 3.44 -8 1.19 -16 
7'j/7(; 2829 0.59 -39 4.20 18 1.40 18 
C:-1.!ce Ave. Growth Rate 0·1er Years Recorded: 
2.8 10 -1. l 7.5 22 
Source: Trade Statistics, Papua New Guinea, 1956-76. 
Kerosene Distillate 
Fuels 
MJ/Cap/Day \ MJ/Cap/Day \, 
Change Change 
0.29 1.61 
0. 29 0 1.62 6 
o. 27 -7 l. 53 -5 
0.26 -4 1. 54 0.6 
0.32 19 2.07 26 
0.27 -18 1. 76 -15 
0.37 27 2.02 15 
0.36 -2 2.00 -0.l 
0. 51 30 2. 70 35 
Error in Sta ts. 3.22 19 
0.40 3.82 19 
0.48 17 4.40 15 
0.49 2 5.07 15 
0.49 0 5.45 7 
0. 78 37 7.10 30 
0.63 -20 8.61 21 
0.49 -26 7. 52 -13 
0.59 17 8.89 17 
o. 56 -5 8.06 -9 
0.53 -5 8.19 2 
3.0 8.8 
Electr i.ci ty 
MJ/Cap/Day !',j, 
Cr.ar.ge 
0.14 
0.15 7 
0.14 -7 
0.19 J6 
o. 24 ..:6 
0.29 21 
0. 33 10 
,J. JG •) 
0.43 19 
o.�6 7 
0.48 4 
0. 51 6 
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Table 3 (b)  Ab solute increase in imp orted pe troleum Eroduc ts 
1 95 6 - 7 6  
{MJ x 1 08 ) 
Avgas Petrol Avtur . Kerosene Dis t i ll ate Total 
1 956/5 7 4 .  7 2  6 . 38 1 .  8 5  1 0 . 27 23 . 22 
1 9 75/76 6 . 09 43 . 37 1 4 . 46 5 . 4 7 84 . 5 7 1 53 . 96 
Absolute 
increase 1. 2 9  6 . 8 0 2 . 96 8 . 23 6 . 63 
( mu l tiple ) 
Figure 2 {b)  Trends in pe trole um producti on , 19 75- 79 
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popula tion . This estimation is generous with respect to the amount 
of distil late and petroleum fue ls used by rural dwellers. The ratio 
of urban to rura l per capita consumption of these imported en ergy 
forms is close to 2 0:1, in fact, 13 9MJ/capita/day to 7MJ/capita/day 
for rural dwe ll ers inc luding the major fue l oil consumer, BCL, in 
the urban-industrial se ctor . 
The bre akdown o f  pe troleum fuels consumed pe r capita be twe en rur al 
and urban are as is given in Tab l e  4 .  The dif ference in the use o f  all 
fue ls be tween rura l and urban areas is a cl ear indication of the 
urban bias in e conomic deve lopment r e f lec ted throughout the Third 
World ( Lipton, 19 76). This is not to in fer that deve lopment which 
is succ essfu l in terms of P apua New Guinea's national deve lopmen t  
strategy wil l  bring about a n  equivalenc e in rura l and urban energy 
consumption . I n  deve l oping coun tries, wh ere agriculture is not 
heavily me chanised, and the rura l to urban population ratio is the 
reverse o f  the deve loped countries, it is invariably true that urban 
dwel lers consume mo re energy in pe r capita terms than rura l dwe l l ers. 
Ba lanced rural developmen t  can occur without a massive per capita 
inc rease in consump tion of petroleum fue ls, or of total energy inputs, 
but it wil l  be hampe re d by excessive demand on foreign exchange 
caused by pro fligate use o f  imported fue ls in urban areas, caused 
partl y through the unchecked cultivation of high ene rgy lifestyles.  
It is in this sense that Third World urbanisation pl ann ed, or left 
to evolve, along the western industrial lines adopted during the 
1 950's and 1 9 6 0's, is a major threat to economic and social stability 
in developing count ries in the decades ahead ( see also Mei er et al, 
1 9 78) . 
Energy flow through La e :  the commercial energy forms 
Petroleum produc ts are shipped into Lae in re fined form from 
Singapore, Sou th Korea, Bahrain and Australia. Singapore supplies 
81% of to tal impo rted energy forms and South Korea and Australia 7% 
each . Figure 3 is a diagrammatic representa tion of the flow o f  
pe tro leum products in to and ou t o f  Lae . About 2 3% of Papua New 
Guinea's imported pe troleum passes through oil company storage 
facilities, and out to coasta l and highland centres of ac tivity . 
Table 4 
1 8  
E s t imated Rural and Urban Consumption Leve ls o f  
Importe d  Petrole um  Fuels, 1 9 75 - 7 6 * 
Energy Form To tal Consumpti on Per Capita Consumption * *  
Urban Rural Total Urban Rural 
( ' OOO Litres ) ( MJ/Capita/Day ) 
Distill ate 
( die s e l ) 1 06 , 1 80 1 1 5 , 19 0  2 2 1 , 370 35 . 0  4 . 8  
Petrol 
(be n zine ) 7 7  , 1 4 6  64 , 55 9  141 , 705 23 . 0  2 . 4  
Kerosene 9 , 4 24 5 , 4 9 8  14 , 9 2 2  3 . 0 0 . 2 
Lique fie d  
Petroleum Gas 5 , 06 5  0 . 5 5 5  5 , 6 20 1 . 2  0 . 02 
Fue l Oil 2 1 4 , 29 7  2 1 4 , 2 86 76 . 8  
TOTALS 4 1 2 , 1 1 2  1 8 5 , 8 0 2  5 9 7 , 903 139 . 0  7 . 4 2 
( 1 8 . 7 8  1 )  
* For th is e stimation Wau/Bulolo, Wewak, Rabaul, Por t  More sby, 
Kieta-Arawa-Panguna, Mt . Hage n, Madang, Lae and Goroka were 
ass umed to have per capita consumptions of thes e  fue ls s imil ar 
to the Lae population ave rage . Thes e  towns repre sent 7 5 %  o f  
the urban pop ul ation . The remaining 25% were ass umed to have 
hal f of the Lae population average consumption for the fue l s  
lis ted above . The use o f  fue l  oil is l imited t o  Lae , and 
Kieta-Arawa-Panguna. 
* *  Total p opulation as o f  June, 1 9 76 taken as 2 , 81 7 , 133 ,  ma de up 
o f  urban 315 , 84 0  and rural 2 , 50 1 , 293 . 
Total 
8 . 2  
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8 . 6  
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Tabl e  5 shows that of the total input o f  fuels from overseas , 4% is 
re- exported to the Solomon I sl ands, 3 5% is shipped out to coastal 
ports and isl and conunun i ti e s ,  and 6 1% is trucked into the H ighl ands 
and Morobe Prov inc e by o i l  compan ies .  Agen ts other than o i l  compani es 
are responsible for distributing about 4% of the tota l input to 
Morobe P rovince and the Eastern H ighlan ds .  The de ta i ls of d istribution 
by agen ts o ther than oil compan ies are provided in Table 6. Those 
pe troleum produc ts which are retained for use in Lae represen t about 
1 0% of the country ' s  to tal end-use of impo rted fuels.  
The i npu t and throughput o f  fuels to Lae is presen ted in detail 
i n Tab les7a and 7b ,  and represented as a flow chart in Figure 4 .  The 
total of imports of comme rcial fue ls excluding e l ec tric ity is 
5 
5 5 , 2 92 x 10 MJ ,  which is appro aching 2 , 500 barrels of oil equ ivalent 
per day . 
Sec tora l  end- use 
The analytical approach that has proven most use ful in the 
formula tion of an al ternative , or revised energy strategy , and wh ich 
is adopted here and el sewhere in our work ( Newcombe , 1 975a . and  b ) , is 
known as the mi cro-sectoral approach . I t  is compatible with an 
e colog i ca l  approach to an understanding o f  the behaviour o f  comp l ex 
human ecosystems , and , indeed , has been re cogn ised as the key to 
understanding the ope ration of natura l plant and an ima l ecosystems 
for many decades ( Cook , 1 9 7 7 ) . The b asic contention 
is that since every action is enab led by an ac t o f  energy conversion , 
by trac ing in de ta i l  the f low of energy through a soc iety and 
documenting the quality and quantity at each end-use much is learnt 
about the behaviour and the critical relationships o f  the system , 
qui te apart from the detai l of energy use per se. The mic ro-se c toral 
approach brings the i nvestigator into close contact with the maj or , 
and even minor energy users and thereby faci l i ta tes some understanding 
of the cul tural context of present energy use , that is , the values , 
attitudes and pre con ceptions whic h have greatly influenced the 
se lecti on of present ene rgy forms , management and end-use technology . 
Thi s  level of ' in formation ' about the system is esse ntial to an 
evaluation of the rate at  whi ch apparently e conomic al ternative sources , 
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Tab l e  5 Import and Expor t o f  P e tro l eum P rodu c t s , 
Lae , 1 9 7 6 - 1 9  7 7  
( 1 )  Or isi n  o f  Fue l s  T o  Lae 
Coun try MJ x 1 0
5 Percentaqe o f  To t a l  Fue l 
Au s tr a l i a  3 9 6 2 . 4  7 
S i ngapore 4 4 8 9 7 . 7  8 1  
Bahr a i n  2 7 6 0 . 2  5 
S th .  Kor e a  3 6 7 2 . 2  7 
Total 5 5 2 9 2 . 5  1 0 0  
( 2 )  Des ti nat i on o f  Fu e l s  Ou t o f  Lae 
Mode D e s t inat ion MJ x 1 0 5 % 
Mode 
Land H ighl and s  ( Ka int antu , 
Goroka , Mt . Hagen , 
Kund i awa & S ervi c e  
S tat ions e n  r ou te ) 
( a )  Trade w i th energy 
c ompan i e s  2 2 2 1 1 . 9 8 9 3 . 4  
( b )  Mo robe Province & 
Goroka , t r ade w i th 
o th e r  than energy 
c ompan i e s  
( se e  Tabl e 6 )  1 5 6 1 . 5 1 6 . 6  
S ub Total 2 3 7 7 3 . 4 9 1 0 0 . 0  
S e a  S o l omon I s land s 
( re -e xpo rt ) 1 7 2 7 . S  1 1 . 3  
Huon Gul f  ( Popendetta 
& Wau ) l l O l . 0 6 . 7  
PNG P o r t s  ( Wewak , 
Kavi eng , Alo tau , 
K irnbe , Lorengau , 
S arna ra i ,  Vanimo , 
Tu f i , Doguna , 
Raba - Raba , 
Ku l amadau , Lo s u i a , 
Wan i qe l a ) 1 2 4 9 7 . 6  8 2 . 0  
Sub Tota l 1 5 3 2 6 . 1  1 0 0 . 0  
Imports 
% 
To tal 
Fu e l s  
6 0 . 9  
3 9 . l 
Tab l e  6 ExEort o f  F u e l s  from Lae o ther than bl Enersl ComEan i e s  
( MJ x 1 0 5 ) 
Agent Petrol D i s t i l l ate Ke ro s e n e  L . P . G .  Av iat ion G a s o l i n e  Tota l 
Mis s i ons 2 6 . 7 0 4 4 . 8 7 3 9 . 8 4 5 . 4 2 1 1 6 . 8 3  
Pr imary I ndu s t ry 8 1 . 4 6 1 9 8 . 9 3 1 6 . 7 0 2 3 . 5 9  3 2 0 . 6 8 
Who l e s a l e r s ,  
Co-operat i v e s & 
Trade S tor e s  1 9 0 . 8 5 3 0 6 . 8 9 1 3 8 . 0 0 1 0 . 0 4 6 4 5 . 7 8 
Dome s t i c  u s e  
o f  bu i l d i n g  & 
road work ing N 
contractor s & N 
loggers 3 2 . 2 9 3 2 . 2 9 
L i ght a i r c r a f t  
op e rator s 4 4 5 . 9 3 4 4 5 . 9 3 
To tal s  2 9 9 . 0 1 5 5 0 . 6 9 2 2 6 . 8 3 3 9 . 0 5 4 4 5 . 9 3  1 5 6 1 . 5 1 
� ( a ) INPUT AND THROUGHPUT OF COMMERCIAL ENERGY FORMS , LAE, JULY 1 9 7 6  - JUNE 1 9 7 7  
Imports Re-Export by Re-Export by Retained for u s e  Recorded u s e  in Balance S torage Capac it y 
ENERGY FORM Energy Compan i e s  other Agent s Lae Lae 
lx l 06 MJx l0 5 lx l o6 MJx l o5 l x l 06 MJx l 05 l x l 06 MJx l 0 5 l x 1 0 6 MJx l O  
5 l x l 06 MJx l 0 5 l x l 06 MJ X l O S  
PETROL 47 . 1 4 1 6 165 . 7 4 3 5 . 4 3 1 2 1 5 1 .  7 4  0 . 8 7 2 9 9 . 0 1 1 0 . 84 3 7 1 4 . 99 1 1 . 0 2  3 7 7 8 . 4 7  - 0 . 18 - 6 3 . 4 6  1 1 . 7 9  4 04 4 . ] 4 
DISTI LLATE 7 4 . 4 2 282 7 8 . 60 5 3 .  4 6 2 0 3 1 3 .  7 2  1 .  4 5  550 . 69 1 9 . 51 7 4 14 . 1 9 18 . 2 5 6 9 3 6 . 50 1. 26 4 7 7 . G9 18 . 53 7 0'1 1 . 4 �  
KEROSENE 9 . 2 1 3 3 80 . 5 9 6 . 2 0 2 2 8 1 . 83 0. 62 2 2 6 . 8 3 2 . 39 8 7 1 . 9 3  1 .  50 5 4 9 . 50 *  0 . 89 3 2 2 . 4 3 3 . 06 11 2 2 . 57 
FUEL O I L  5 . 4 4 2 24 2 . 82 - - - - 5 . 4 4 2 2 4 2 . 8 2 5 . 4 0 2 2 2 9 . 01 0 . 04 1 3 . 8 1 4 . ur 1 5 3 3 . -: o  
AVIi1TION GASOLINE 7 . 1 0 2 3 92 . 27 3 . 1 1  1 0 4 9 . 4 2  1 .  3 2  44 5 . 9 3  2 . 67 896 . 9 2 2 . 98 1 00 3 . 90 -0 . 31 - 1 0 6 . 98 1 1 3 2  . .i3 
AVIATION TURBI NE FUEL 6 . 60 2 4 02 . 4 0  4 . 3 6  1 58 8 . 5 5 - - 2 . 24 81 3 . 8 5 2 . 54 9 2 1 .  7 2  0 . 3 0 - 1 0 7 . 8 7 4 . 00 1 4 54 . 0 9  
LIQ�EF IED PETROLEUM I\.) 
G1\S ( L . P . G . ) 1 . 6 5 4 3 0 .  03 0 . 24 6 2 . 7 5  0 . 1 5 3 9 . 05 1 . 2 6 3 28 . 2 3 1 .  2 5  3 2 7 .  11 0 . 0 1 l .  1 2  N . A./N . K .  w 
Sub-Total 1 5 1 .  56 552 92 . 4 5 1 0 :! . 80 3 7 4 4 8 . 0 1 4 . 4 1 1 561 . 5 1 4 4 . 3 5 162 8 2 . 9 3 4 2 . 9 4 1 5 74 6 .  2 1. 5 3 6 . 7 2  
kWh ' sx l 0
6 
kWh ' sx 1 06 kWh ' sx 1 06 
ELEC'.i'RI C I TY 58 . 95 2 1 2 2 . 03 - - - - 58 . 95 2 1 2 2 . 03 1 98 2  . 88 5 4 . 91 1 3 9 . 1 5 * *  N . JL 
'rOTAL 1 5 1 .  5 6  5 7 4 0 9 . 0 8  1 0 2 . 8 0 37 448 . 0 1 4 . 1 7 1 5 6 1 . 51 1 8 4 9 6 .  57 1 7 7 2 9 .  09 7 6 7 . 4 8  
*of wh ich a n  e s � i�a t�d 3 1 . 2 2 x 1 0 5  i s  �sed for c leaning 
** i nc l ude s supp l i e s  to outside of urban Lae in Morobe Province such as Wau and Bulolo townships 
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Tab l e  7 ( b )  Energy use i n  Lae . P e rc en tage b r e akdown 
by e ne rgy form 
Energy Form 
E l e c t r i c ity 
D i s t i l l a t e  
P e tro l 
Kero s en e  
L . P . G .  
Fue l  O i l  
F i r ewood 
S o l a r  
Avg a s  
Air tu rbine 
Renewabl e/Non Renewabl e  
Rat io 
* Rou nding e r ror s 
Bre akdown ( % )  
I nc . Bunker s Ex e l .  Bunke r s  
1 1 . 2 1 5 . 3  
3 6 . 7  2 7 . 6  
2 2 . 1  2 5 . 3  
2 . 6  3 . 5  
1 .  8 2 . 5  
1 2 . 6  1 7 . 2  
5 . 7  7 . 8  
0 . 2  0 . 2  
2 . 2  0 . 2  
4 . 9  0 . 3  
* 
1 0 0  9 9 . 9 9 
1 :  5 . 9  1 :  4 .  3 
M J  x 1 05 
P ETROL E U M  
P R OD UCTS ____,. 
1 574 6 · 2 1  (83 % J  
E L ECT R I C I T Y 
1 982 · 88 (1 0 % ) ____,. 
FI R E WO O D  
1 256· 30 ( 7 % ) ___.. 
Figure 4 
I N P U T  
En ergy Flow Chart for th e City of Lae, 1 9 7 7  
O U T P U T  M J  x 1 0 5 
B U N K E R  F U E LS 
5 1 5 3 5 1  ( 2 7  % ) 
T R A N S PO R T  5 900- 2 6  ( 3 1  % ) 
I DOMESTIC 2062· 20 ( 1 1 % ) 
I N D UST R IAL  4 8 7 6 ·61 ( 2 6 % ) 
SO L AR 27 ·06  * 
WA S T E  28 · 89 * 
_,.... ----------� 
� 
* neg l i g i b l e  
�" 
U1 
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and/or man agement prac tices can be in troduced ; in f act , the lack o f  
this information is very o f  t e n  the re ason why purely econome tric 
approaches to energy demand forecasting and forward plann ing have 
fa i le d .  
Finally a micro- se ctoral approach t o  t h e  energy po l i cy and 
pl anning p roc ess is wel l  sui ted to the Third World, whi ch , in 
compar i son to the indus tria l i s ed We st, has few large and complex 
industrial-urba n setti ngs, and hence more human- scal e  se ttings ; is 
much more re l i ant on non- comme rcial and hence infrequen tly recorded 
energy sources, and has much less capaci ty to mount highly soph isticated 
econometric mode ls, requiring high l eve l computerisation and specialised 
ski l l  training . 
I n  fact, wherever biomass fuel s ,  such as f irewood, charcoal, 
dung , rice hul ls and so on are in  use , there is no e f fec tive substi tute 
for con s tant pe rsona l observa tion of the interacti ve e f fects of energy 
use and subsi stence food produc tion on e conomi c and biological surviva l .  
I n  the industrial- commercial sec tors, i . e .  the modern ' se c tors ' and 
the ir related transport components, planners ough t to be ab le to 
interact di rectly and regularly wi th the managers of the most ene rgy­
in tensive activi ties . I n  the rapidly changing traditional sectors of 
domestic and agricul tural energy use incre asingly inf luenc ed by the 
market economy constant monitoring and feedback i s  requi red usi ng 
we ll- establ ished indicators of change in the stabi l i ty or sustainability 
o f  current yie lds under present and higher demands . All o f  these da ta 
at the micro- sca le have to be constan tly revi ewe d and synthesised, to 
exp lain some thing of the direc tion of change, and the implicatio ns for 
biological and economic wel l-be ing for the popul ation concerned . So 
this, then, must be the first step in ene rgy planning ; deta iled ana lyses 
of the rmodynamic quality and qu anti ty of end-use at the mi cro- sca le , 
within sec tors, region by region, constantly revised so as to i l l um i nate the 
key components of ecosystem form and function. From this base mode ll ing 
of energy demands can prof i tably proce ed, incorporating the game- pl aying , 
or simulation of energy price chang e s  on the supply and demand o f  
te chni cally accessible energy forms . 
Thi s  research i nto the direction and form of an energy po licy 
for P apua New Guinea fol lows this general me thodo logy . The detail o f  
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ene rgy-use in the major sectors of economic and energetic ac tivity 
is presented in s everal po licy papers, in cluding the Indu s trial­
Commercia l , Transport and Domestic sectors ( Newcombe, 19 78, Newcombe 
e t  al, 1 9 7 8 , 1979). The se data yie ld an overview of energy-use in 
Lae sector by secto r ,  and fue l by fuel , which is p re s ented in Table 8 .  
From in terpreta tion o f  the s e  data for Lae, from additional data on 
n a tional ene rgy-use, and from an understanding of the major func tions 
served by p ar ticular energy forms, an e s t imate is made in Tabl es 9 
and 1 0  o f  the s e c toral end- use o f  imported petroleum fuels , and of 
total energy use for P apua New Gu inea as a who le . Private hydro­
e lectr i c  plants s e rving mission s and other non-government in stitutions , 
and the use o f  solar radi ation directly as a heat- source for crop 
drying , and wa ter heating have not been included in th is national 
overview , a lthough the i r  con tribut ion is be lieved to be only a sma ll 
percentage o f  to tal ene rgy-use . 
From Table 8 i t  is c l e ar that  tran sportation is the major 
energy using sector with 58% of total energy use , inc luding bunker 
fue l s ,  fo l l owed by indus tr ia l  a ctivitie s , 2 6% , dome stic activi tie s ,  
1 1% , governmen t  activiti e s , 3 % , and just over 2 %  in the conunercial 
sector . Sim i l arly , the mos t  important sour ce o f  energy is d i s t i l l ate 
fue ls , spl i t  roughl y  in the ratio 4 to 1 ,  betwe en transportation and 
indus tria l fuel use . Petrol makes up 20% of to tal end- use , a lmo st a l l  
o f  i t  in transportation . E l ectric i ty i s  1 0 %  o f  total end-use with 
about 4 0% of i t  used in industry, and roughly equal portions o f  the 
remainder in other sectors . E lectricity supply was SSGW hour s in 
1 976- 1 97 7 ,  e quivalent to the supply from a lOMW facility at aroun d 
80% capacity . Al l but a negligibl e amount of thi s  ele ctricity was 
supp li ed by hydro-power from the Ramu River system . 
Fuel oil provided about 12% of to ta l energy-use, a l l  within 
two indus tr ies ; g lass manufacturing and br ewi ng .  Firewood provided 
7% of to tal energy use , 80% of which was used in the domestic sector and 
20% in the indus tri a l se ctor for ii te am raising in a s awmi l L  Xeres en e use 
is nearly 3% o f  th e to tal, being confined l argely to dome st i c  use in 
low- covenan t ho using in the urban settlements outside of the ce ntral 
bus ine ss di s tri ct  on the urban fringe .  LPG i s  a popular cooking fue l 
bo th in res tauran ts and hi gh covenant expatriate home s ,  and repre sen ts 
2% of total end-use . The only use of direct solar radiation, apart 
TABLE 8 SE CTORAL END-USE OF ENERGY IN LAE ,  1 9 76- 7 7  
SECTOR 
ENE RGY FORM 
E lec tri c i ty 
Di stil l ate 
Pe trol 
Kerosene 
Liquef ied 
P e troleum Gas 
Fue l O i l  
Aviation Ga s o l ine 
Avia tion 
Turbine Fue l 
F irewood 
( 10% Co ffee Husk s )  
Sol ar 
( Direct Radi a ti on )  
TOTAL 
PE RCENTAGE o f  
END- USE b y  SECTOR 
COMMERCIAL 
382 . 68 
2 9 . 06 
10 . 01 
4 4 . 58 
0 . 34 
4 66 . 67 
2 . 5 
I NDUSTRIAL 
768 . 05 
1 3 96 . 5 9  
3 1 . 3 9  
14 . 3 3 
1 48 . 05 
2 2 2 9 . 01  
28 9 . 1 9  
4 8 76 . 61 
2 5 . 7 
DOMESTI C 
4 4 5 . 2 4  
4 5 9 . 76 
1 34 . 48 
996 . 00 
2 6 .  72  
2 06 2 . 2 0 
1 0 . 8 
TRANSPORT 
5 3 91 . 08 
235 Z . 45 
3 7 37 . 07 
3438 . 4 ?  
1003 . 90 
6 6 .  zo 
92 1 .  72 
4 4 . 24 
1105 3 . 7 7  
5900 . 26 
5 8 . 1 
( inc 1 .  bunke r )  
( MJ  x 10
5
) 
GOVERNMENT TOTAL PE RCENTAGE OF END-USE 
BY ENERGY FORM 
386 . 91 
1 19 . 77 
1 982 . 88 
6 9 36 . 50 
389 6 . 8 ?  
- (212 . 98 ) 3 7 78 . 4 7 
34 ?9 . 8 ?  
4 4 . 1 9  5 1 8 . 2 8 *  
5 50 . 8 7  
2 . 9 
3 2 7 . 1 1 
2 2 2 9 . 01 
1003 . 90 
66 . Z O 
92 1 .  72 
44 . 24 
1 2 85 . 1 9 
2 7 . 06 
1 9010 . 12 
l 38 56 . 6 Z  
1 0 . 4 
36 . 5  
1 9 . 9 
2 . 7 
1 .  7 
1 1 . 7 
5 . 3 
4 . 8 
6 . 8 
0 . 1 
100 . 0 
* Dif fers f rom Tab l e  7 because of sub traction o f  kerosene for c lean ing in i ndus try. 
No te : The f i gure s  i n  bracke ts repre sent the end-use o f  ene rgy in tha t  sector i f  transport fue l s  us ed in 
that s e c tor are inc luded the re rathe r than i n  the transport s ec tor . 
The fi gure s in i ta lics are tho se applyi ng i f  bunker fuel s  are excluded . Bunker fue l s  here include 
95% of petrol , diese l ,  aviation gaso l ine and aviation turbine used for long-di s tance hau lage , 
earthmoving and road con struc tion , shipping and all ai rcra f t  operation s . 
N 
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Tab l e  9 S ec to r a l  End- u s e  o f  Impo rted Petr o l eum Fue l s  
1 9 7 6 - 7 7  
( P er c en tage ) 
Energy Form T r an s po r t  Indu s try-Commerc e Domes t i c  Tota l 
P e tr o l  ( 1 )  1 7 . 6  0 . 2  17 . 8  
Avi a t ion Fu el s 8 . 5  8 . 5  
Fuel O i l  ( 2 )  0 . 7  1 .  5 2 . 2  
- For Electricity ( 3 )  3 3 . 2  1 .  0 3 4 . 2  
D i e s e l  ( 4 ) 2 4 . 8  6 . 2  3 1 . 0  
- For Electricity ( 5 )  1 .  7 1 .  7 3 . 4  
LPG ( 6 )  0 . 4  0 . 3  0 . 7  
Keros ene ( 7 )  0 . 4  1 .  8 2 . 2  
5 1 . 6 4 3 . 6  4 . 8  1 0 0 . 0  
Foo tno te s : 
( 1 ) About 1 %  o f  petrol impor t s  i s  u s ed for sma l l  s t a t ionary 
mo tor s in i ndu s try . 
( 2 )  9 4 %  o f  f u e l  o i l  import s go to Bou g a i nv i l l e  Copper 
L imi ted . The r emai nder g o e s  i n to o ther indu stry end­
u s e s  and bunker ing at a rat i o  of about 7 0 - 3 0  r e s pect ive l y . 
( 3 )  E l ec t r i c i ty generated at BCL i s  9 5 %  f o r  mining , a lmo s t  
3 %  f o r  domes t i c  pu rpo s e s , and 2 %  f o r  commerc e .  
( 4 )  Abou t 9 0 %  o f  d i e s e l  imports are f or i ndu s tr i a l  a nd 
tr anspo rt end-u s e s , and 1 0 %  for e l ec tr i c i ty operat ion . 
The indu s t r i a l  and tr an s port end-u se s  are s p l i t  8 0 %  to 
trans port and 2 0 %  to inds utry . O f  the transportat ion 
s e ctor 8 0 %  is on l and , and 2 0 %  on s ea . 
( 5 )  Generat ion i s  a s s umed to be s p l i t  5 0 : 5 0 between dome s t i c 
and commerc i a l  i ndu s tr i a l  end-u s e s . 
( 6 )  LPG u s e  i s  about 4 0 %  domes t ic , 6 0 %  indu s tr i a l  and 
c ommer c i a l . 
( 7 )  Kero s en e  u s e  i s  abou t 8 0 % dome s t ic and 2 0 %  indu s tr i a l .  
Tab l e  1 0  
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Est imated Sectoral End-u s e  of Energy , PNG , 
1 9 7 5 - 7 6  
C ommerc ial I ndu s tr i a l  Domestic Transpor t Total 
( MJ x 1 0 8 ) 
E l e c tr i c i ty 
D i s t i l la te 
P e trol 
Kerosene 
L ique f ied 
P e tro l eum Gas 
Fue l O i l  
Avi a ti on 
Gasol ine 
Avi a ti on 
Turb ine Fuel 
F i rewood 
To ta l s  
S ectoral 
End -u s e  % 
2 . 7 6 
0 . 3 7 
3 . 1 3 
0 . 9  
2 7 . 4 8 
1 9 . 5 6 
0 . 1 5 
0 . 5 5 
0 . 3 6 
5 . 3 1 
1 6  . 1 1 
6 9 . 5 2 
2 0 . 0  
3 . 8 1 
4 . 9 3 
0 . 7 4 
1 4 4 . 9 9 
1 5 4 . 4 7 
4 4 . 6  
5 5 . 9 8 
4 3 . 0 2 
6 . 0 7 
1 4 . 6 2 
1 1 9 . 6 9  
3 4 . 5  
3 4 . 0 5 
7 5 . 5 4 
4 3 . 1 7 
5 . 4 8 
1 .  4 7  
5 . 3 1 
6 . 0 7 
1 4 . 6 2 
1 6 1 . 1 0 
3 4 6 . 8 1 
1 0 0 . 0  
Sou rc e : T h i s  paper on La e provides s ome e s timates of OJera l l  
spl i t s  in ene rgy , and i s  supp l emented b y  the 
f o l l owin g ; for e lectr ic ity persona l c ommunicat ion , 
1 .  Namake , Papua New Gu inea E l e c t r i c ity Comm i s s ion , 
persona l communication , Bouga inv i l l e Copp e r  L imi ted ; 
f or f ir ewood Newcombe e t  al ( 1 9 7 9 ) ,  H ips l ey et al , 
( 1 9 6 5 ) ; for petrol eum pr oducts pe rsonal communi c ation , 
Shel l O i l , and Mob i l  O i l  Compan i e s . Dedu c t i ons can be 
made on the b a s i s  o f  Impor t data to ma inport s Papua 
New Guinea , Bureau o f  S ta t i s t ic s , persona l communica­
t ion 1 9 7 7 . 
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from drying clothes, was through 1 8 9  col le ctors insta l l ed for ho t 
water in homes , and one for hot water in i n dustry at tha t time . 
The distribu tion o f  these ene rgy forms in Lae se ctor by 
se ctor , and the se c toral end-use of ene rgy is i llustrated in Figure 4 .  
O f  to ta l pe trol eum imports, about 52 % i s  used i n  transportation, 4 4% 
in industry an d commerce and 5% in househol ds ( see Tabl e 9 ) . The use 
of fue l oil at Boug ainvil le Copper Limited is 34% o f  to tal petroleum 
imports , all of which is used to generate e lectricity .  The replacement 
of fue l  oil here with renewabl e energy sources i s  a high pr i ority in 
future ene rgy deve lopmen t ,  but prospe c ts o f  replacing part by hydro­
power ( 65 %  would be replaced by the Luluia hydro-e le ctricity scheme ) 
are poor because of un certainti es about the mine ' s  life . Alternative 
boi ler fue ls - pyrolytic char in parti cular - wil l not be e conomi c fo r 
this appli ca tion for perhaps 5 years , and by then there may not be 
time to warrant the new plan t ,  and/or boil e r  modifications that wi ll 
be  necessary to uti lise them . The pyrolytic fuels option is , however, 
the most flexible of the two in strategic terms. 
Tran sport fue ls are used mostly in road vehic les ( 3 7 %  to ta l 
impor ts) , which , i n cluding BCL ' s fue l oil, use 52% of imported 
pe troleum products , making a lternative transport fuels a prime target 
for import substitution . I n  order of importance in respe ct o f  fuel 
volumes we have the dif ficult task o f  f inding al ternative aviation 
fue ls then a l ternatives to diese l gene rated el ectricity , and al ternative 
fue ls for coastal shippin g .  Even here there is promise as photovo lta i c  
c e l l s  now appe ar compe titive with diesel gene rat ion for outlying areas 
( L .  Weick, Depar tment o f  Mine rals and En ergy , pers . comm . , 1 9 7 9 ) , and 
alcohol fue l s  and plant oils could substi tute for pe trol eum fu els for 
coastal shipping . 
The se c to ra l  end-use o f  ene rgy in Papua New Guinea for 1 9 7 5- 1976 
i s  estimated i n  Table 1 0  f rom a number o f  complemen tary data sources, 
including the Lae study . Nevertheless the overview is an approximation , 
and a much more precise pic ture, essen tial to local energy planning, 
wil l have to await the processing of the national en ergy census data 
bein g  co lle cted annually from 1 9 7 9  o nwards . The i n f luence of the so ­
c alled non-commercia l ' energy form of wood is signifi c an t  on the 
se ctoral end-use pattern , making househo lds the largest energy-us ing 
se ctor with 4 5 %  of the total, direc ting our atten tion again to the 
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rela tive importance of vi l l age energy supp l i es and away from th e 
potential p re-occupation with imported pe trol eum and ' mode rn' sector 
ac tivities . 
Tran sportation use s 35% of nationa l energy supplie s ,  industry 
use s 2 0 %  and comme rc i a l  activi ti e s  a mere 1 % .  Al though the prec i s e 
pattern of end-use across the towns and vil lage s o f  Papua New Gui nea 
is unique to e ach loca l  setting , the deta i l ed data for Lae , and the 
Simbu Province conta ined in the other energy pol i cy pape r s  in thi s 
se ries provide a re asonab l y  accurate des cription o f  the gene ra l 
si tua tion , an d hence the probl ems , and poss ibl e so lutions , faced at 
the nationa l l eve l .  
Trends i n  National energy use 
In discus sing the mode rn , or so- ca ll ed commercial ene rgy forms 
tre nds were sho wn in the use o f  pe tro leum fue l s  over the 1 9 5 6- 7 5  
pe riod .  A t  Independence , i n  1 97 5 ,  the substan tial e f fort i nves ted in 
data co l l e c t ion by the Austra l i an Bureau of Stati stics for the former 
Te rritory of Papua New Gui nea ceased , and s inc e then no complete data 
on energy imports are avai lable , except by piec ing together o i l  company 
records . Thi s  lack of conti nui ty in en ergy import data is s e r ious , 
for it w i l l  be 1980 be fore such data is avai labl e aga in .  I n  the 
interim the re is rea son to bel i eve that great change s have taken place 
in per capita energy consumption . In 1972 just af ter the f i r s t 
. c indica tions that there would be an independent Papua Ne w Gui nea in the 
short term, man y thousands of expatr iates left Papua New Gui nea an d, 
consequen tl y ,  s igni f i cant change s in the consumption of impo rted 
pe tro leum products occurred ( see F igure 2 ) . Again , a fter the oil 
cri s i s  in 1 9 7 3- 74 , a marked he s i tation occurred in per cap i ta demand 
fo r pe troleum products . Fol l o wing thi s  period , i . e .  1 9 7 4- 7 6 , the 
gro wth of con sumption of pe tro l eum products was half that of the 
average for the previous decad e ,  and was qui te uns teady . Thi s  2 year 
per iod is a poor indicator o f  the trends that fo l lowed un til the pre sen t ,  
and only now, a s  a re sul t o f  thi s  study can some indicative da ta b e  
g leaned o f  the pre sent le ve l o f  per cap i ta consumption . 
De sp i te thi s  paucity o f  re cent data some forecast mus t  be made 
of future energy demand for forward planning purpos es . Th e e f fort 
tha t  is made he re to predict future ene rgy demand for Papua N ew Gui nea 
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to the ye ar 2 0 00 is, then, necessarily simp li fied, and must be 
re garded with i ts shortcomings firmly in mind . 
The fo l lowing description o f  the me thodo logy should r evea l 
the assumptions made and provide an understanding o f  the key var iables 
in f luen cing ene rgy g rowth . The mo st obvious charact eristic of the 
fore cast demands is that consumption grows exponen tia lly for the 
pe riod unde r conside ration, simp ly bec ause populati on growth and per 
capita ene rgy growth are reg arded as constan t and unperturbed . The 
only difference in resul ts stems from choosing dif ferent growth rates 
in per cap i ta ene rgy-use for each of the scenarios se le cte d .  
Sc enario preparation 
It is clear that in respe ct o f  impo rted pe troleum products a 
ma j or influen ce on per c apita consumption is the growth of the urban­
industr ial sector, and especially of the transportation serving i t .  
Ano the r ma j or factor is, a s  always, popula tion growth . The combined 
e f fe c ts o f  these variables in the 1 950- 7 4 per iod was to cause a seven­
fo ld increase in the abso lute amount of petroleum products imported . 
Even so the l eve l o f  per cap ita consumption at the end o f  tha t  period 
was on ly two- thirds o f  the ave rage for the deve loping countries as a 
whole ( U . N .  de f i nition, U . N . , 1 9 7 6 ) . Since in 1976,  onl y  11% of the 
popul ation was urban ised, and the growth rate of the urban popu l ation 
was at least three times that of the rural population, the energy 
intensity, or for the t ime being, the oil intensi ty of Papua New 
Gui nea's l i fe styles i s  bound to increase sign i f icantl y .  Also, the 
population g rowth for all of Papua Ne w Guinea averages about 2 . 85% 
pe r annum - high by any standards, and a strong dr iv ing force on energy 
deman d .  
To il lustrate th e potential range of demands f o r  imported 
energy, three scenarios have been adopted: 
i) No growth : No increase in the per capi ta con sumption beyond 
the ave rage levels o f  19 76, standing at 2 4MJ/capita ( 0 . 2 9kW ) for 
commer c ial fue ls, a nd 1 6MJ ( 0 . 1 9kW ) for f ir ewoo d .  Only population 
growth wil l  drive demand . 
i i )  Slow g rowth : 3% growth in pe r cap i ta energy demand, fo ll owing 
the post-oi l crisis trend, and in l ine w i th slow, but steady 
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economic growth . 
ii i )  Maximum growth : 8% growth in pe r cap i ta deman d ; paral le ling 
aver age demand for the last decade in P apua New Gui nea , and 
similar to growth in demand for imported o i l  in the A s i an­
South Pacific region in the 1960- 7 3  per iod (ESCAP , 1 97 3 ) . 
To calcu late demand for the period 1 9 76-2 000 , e stimate s were 
made of the urban and rural population unt i l  2 000 , based on a 7 . 5% 
per ann um  growth in the urban population , and a 2 . 5% growth in the 
rural population using the 1 9 7 1  cen sus data as a base (Bureau of  
S tati s ti cs , per s ,  corran. , 1 9 7 8 ) . At the time o f  compil ing these data 
the Bureau o f  S tati stics had not completed population forecasts to 
1 986 , but e stimates used here , derived from the above , yield urban , 
rural , and total population figures for 1 9 7 6- 8 1  and 86 only 0 . 9 %  
highe r than subsequen tly avail able Bureau o f  S tati stics foreca sts . 
( J .  S hadlow , Bureau of S tatistics , per s .  comm . , 1 9 7 8 ) . 
The Lae data provided per capita estimate s for the urban 
population , which for motor spirit and distillate , were taken a s  
indicative o f  9 maj or urban areas , con �tituting 7 5 %  o f  the urban 
population . The remai ning 2 5 %  were regarded as having hal f the Lae 
average per capita con sumption for these energy forms . Kerosene and 
LPG were taken at the Lae average for all urban area s .  Fue l  o il wa s 
treated separately as 94% of the 1976 demand was for power generation 
at Bougainvil l e  Copper , assumed to be a f ixed demand for the period . 
Hence , only the minor demand in Lae , and Port More sby , for i ndustr ial 
use and bunker fue ls was escalated in  each scenar io . Aviation fue ls 
were not assigned an urban- rura l di fferential , but were e scalated 
from thei r  overall average per capita usage at 1 9 76 . 
The re sul ts of these manipulations are shown in Figure 5 ( a )  in 
very simp le form . By the year 2 000 , unde r the ' maximum growth ' 
scenario , pe troleum imports rise by 1 5 - fold ;  under the ' s low growth ' 
scenario by 5- fold , and even under the ' no growth ' scenario by 2- 3 
fold.  It is al ready obvious that the ' no-growth ' scenar io is  unrea l­
isti c ;  per capita ene rgy consumption i s  rising a t  least a t  the 3 %  
leve l .  Whi le the P apua New Guinea economy i s  not buoyant , ne ither i s  
i t  floundering . I n f lation i s  5 - 1 0% lower than most trading partner s ,  
and growth i s  steady . Qui te simply , then , over the pa st 2 0  years , 
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F i g u r e 5 ( a )  
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3 6  
the demand for imported petroleum products would rise perhaps five- fold, 
even h i gher , i f  unhindered by re lative price rises for energy globally , 
or economic d isrupt ion for other reasons g lobally or locally . 
To complete the pic ture o f  national trends , the sectoral end­
use patte rn s  which emerge from the most likely , or s low growth sc enario, 
of 3% per capita growth in energy use to the year 2 000 are pre sented in 
Table 1 1 , and i l lustrated in Figure S (b) .  
Because of  the impact of urbanisation on the demand for 
transport fue ls in part icular , the proport ion of tot al energy use which 
i s  ut i l i sed by the tran sport sector increases greatly over the period . 
The se data indicate almost a doub ling in the share of end-use by 
transportat ion , which is antic ipated to shi ft from 34 . 5 % to 60 . 4% of 
total energy use between now and the year 2000 . The import ance of  
thi s  trend for Papua New Guinea ' s  development is obvious because the 
g lobal energy crises is really a cr i s i s  in the supply of l iquid fuels  
for transportation . 
The need for alternati ve s  
The scenarios of future ene rgy demand i llustrated above have 
shown one e lement of t he matrix c learly ; Papua New Gu inea ' s  demand for 
imported petroleum products is rapidly increasing when the g lobal 
capaci ty and mot ivat ion of oil producers to supply the market is rapidly 
decreasing . Thi s  tel l s  it all ; the economic , strateg ic and pol it ical 
needs for alternat iv e  energy suppl ies all ar ise from thi s  fair ly wel l  
suppor ted estimat ion of Papua New Gu inea ' s  energy futur e ,  and the recent 
pa st in  Papua New Gu inea aff irms these need s just as for c ibly as doe s 
any specu lation about events to come . 
Between 1 9 7 1  and 1 9 7 7  the cost to Papua New Guinea of energy 
as a proport ion of total import s rose four- fold , from 2 . 5 % to in exc e s s  
of 10% , w i t h  n o  s ign of abatement , and during t h e  1 9 7 1 - 1 9 7 8  period 
the price of petrol and kerosene rose 1 . 5  t imes fast er than the price 
of the basket of goods used to calculate the con s umer price index 
(Newcombe and We ic k ,  1 9 78 ) . A simple proj ec t ion of the s e  trend s 
estimate s  very real economic pre ssure in the early 1980 ' s ,  although in 
terms of the government ' s  deve lopment strategy thi s  i s  already being 
felt . From 1 9 7 4  the government introduced a subs idy for rural people 
Tab l e  1 1  
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Ove r a l l  S e ctoral E nd- u s e  Trend s , 
P apua New Gu inea 
1 9 7 6 - 2 0 0 0  ( 3 %  Growth S c enar i o } 
( % } 
Ye ar I ndu s t r i a l  Comm erc i a l  Dome st i c  Tr an s po r t  
1976 20 . 0  0 . 9  44 . 6  34 . 5  
1985 18 . 0  1 . 0  33 . 6  47 . 4  
2000 16 . 9  1 . 0  21 . 7 60 . 4  
% Tota l 
(MJ x 108) 
100 . 0  346 . 81 
100 . 0  583 . 5  
100 . 0  1537 . 0  
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Figure S � )  Ove ral l  Sectoral End-use Trend s , Papua New Guinea 
1 9 76-2000 ( see Tab le 1 1 )  
1 9 7 6  
c 
1 9 8 5  
T 
2 0 0 0  
CODE 
I = I ndustrial 
T = Transport 
D = Domestic 
C = Comme rcial 
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for the purchase of distil late , motor spirit and kerosene . Thi s 
subsidy wa s avai lable when prices fo r these fuels , because of 
distribut ion costs , reached 2 0t/gal lon above the main port pr ices . 
Thi s  leve l of subsidy was mainta ined unt il 1978 up unt i l  wh ich time 
the overall payouts to retai lers and major consumers grew at 27 . 5 % 
per annum and reached Kl . 3M .  At that t ime the subs idy was shifted to 
apply on ly when prices exceeded 30t /gallon above ma in port prices and 
again Kl . 3M was bu dgeted for subsidi sation dur ing 1 9 7 9 . For a 
development plan emphas i sing rural deve lopment in balanc e with growth 
in the urban- ind'l.'.Strial sector , and reliance on stable subs istence 
agri culture in addition to the export of cash crops from the rural 
hinterland , the post oil-cri s i s  era has already brought a taste of 
things to come if dependency on imported petr oleum is to be maintained . 
The se scant detai l s  of the impac t  of the oil crisis on Papua 
New Guinea f it we l l  the general picture of oi l- importing developing 
countr ies (OIDC ' s ) in recent years . As Powe l son ( 1978 ) des cribes it , 
this era has le ft thi s  pa rticular group of coun tries worse off than 
a l l  others . Between 1970 and 1 9 7 5  they have suf fered a net increase 
in this col lective debt of 17 bi l l ion dol l ars (US ) due to the increase 
cost of  oil import s  alone . Whereas Western Europe and the Uni ted 
States of Amer ica were more oil dependent , they managed to recycle 
much of the petro-dol lar s into their economies , by having them handled 
by their banking institutions , and spent on their goods and servic es . 
Despite promises by OPEC to protect OIDC ' s ,  relief through aid has 
been miniscule and direc ted , when available , to ' kinship ' a f f i liate s . 
Forecas t s  of pr ice rises are , as can be expecte� , many 
and varied . The C IA ( 19 7 7 ) can be regarded as the pes s imists , 
predicting s harp price rises in 1982-83 i n  expectation of OPEC ' s  
inabi l ity to meet the growing world oi l demand by 1985 . Statements 
by Sheik Yarnani reinforce t he C IA case ( Reuters , August 2 1 , 1 978 ) , by 
emphasising that Suadi Arabia has no intent ion of developing its 
capac ity beyond 14MBd by 1985 , when 1 9 - 2 3MBd is bel ieved by the CIA 
to be the minimum the Saudi ' s  must achi eve for OPEC to meet wor ld 
demand . The Saudis are the maj or producers , now supplying 30% of OPEC 
oil , hence its policies are of cruc ial importance . It is current ly 
produc ing 9 . 5MBd . On the other hand proj ections made by a number 
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of comment ators do not predict significant price rises unt i l  the early 
1990 ' s  ( see Ulph , 1 9 78 ) . Occupying the middle ground , though not by 
intent ion , is a recent thorough integrat ive study which investigates 
the multitude of factor s ef fecting supply and demand and predicts 
sharp price rises in the late 1980 ' s  (Steinberge and Yagar , 197 7 ) . 
The se proj ec t ions predate the 14 . 5 % price-hike for 1 9 7 9 announced 
by OPEC in November 1 978 and topped up by a fur ther 9% in Apr i l  1978 , 
leading to an ef fec t ive 25% increase by the end of 1 97 9� Of cour se , the other 
factor in the supply of oil globall y  is its ' polit ical security ' .  While King 
Hubbert and others ant ic ipated , from a hard geolog ical data base , the 
downturn i n  g lobal oil s upply , the 1 9 7 3 - 7 4  oil crisis was a pol it ically 
motivated event . It is i nt eresting , then , that the above predictions 
of futur e oil s upply , a nd the re fore oil prices , also predate the 
I ranian crisis . Iran was the second biggest OPEC oil producer in March 
1977 contr ibuting 2 5 %  of OPEC supply , or 6 . 7MBd . In  the first quarter 
of 1979 its product ion was negl igible , a nd is not expe cted to rise 
above 3MBd in the foreseeab le future . 
I n  summary , the integr ation of known economic facts , and 
development impact s , in the rec ent past in Papua New Guinea , with 
those provided above in respect of the economic and strategic futur e 
of oi l s upp ly and dema nd , yield compel l ing reasons why Papua New Guinea , 
as an OIDC with a rapidly increa sing petroleum deman d , should seek to 
e stabli sh locally available renewable energy source s  and management 
programme s for improved energy effici ency . From the Papua New Guinea 
Government ' s  viewpoint it is comforting , then , t hat alter native s 
appear to be many , and opportunit ies for the i r  early exploitation , 
under economical ly and strategica l ly favourable c ircumstanc e s , appear 
to be abundant . 
The potential shift to renewabl e energy sources for Lae 
A brie f summa ry is presented here of the pot ent ial shi ft ac ro ss 
to local ly available renewable ene rgy sources in Lae dur ing the years 
l e crl ing up to 2000 . The question of sel f - suffic iency in renewable 
ene rgy sources for Lae has been addres sed in deta il in each of  the 
sector po l icy papers of this series (Newcombe , 1978 ; Newcombe et al , 
1 9 7.8 ) . In Table 12 is presented an analys is of the overall potential 
*Actual oi l p rice ri ses amounte d to 60- 100% by first quarter 1 9 80 , 
dependi ng on the product . 
Table 1 2  P.:::-opo rtion of Total En ergy Demand which can be d er ived from Renewable Energy Sourc es , La e , l '.3 7 7 - 2 0 0 0  
S ec to r s  197 7 
Total S e c to.:::-a1 Proportion Renewabl e  
Energy-u se end-u s e  from Energy 
(MJ x 1 08 ) % Renewable Sourc es 
Sources ( MJ x 10 8 ) 
% 
Dome s t i c ( ! ) 2 . 0 6 1 1  7 1  1 . 4 6 
I ndu E: tr ial-
Commcr .:: ia� { 2 ) 5 . 9 0 3 1  3 1  1 . 8 3 
Tr ansport ( 3 )  1 1 . 05 58 0 0 
TOTALS 1 9 . 01 17 3 . 2 9 
1985 
Total S ectoral Proport i on Renewable 
Energy-use end-u s e  
(MJ x 1 0 8 ) % 
3 . 56 1 1  
8 . 7 0 27 
20 . 8 4 6 2  
3 2 . 6 0 
from Energy 
Renewable S our c e s  
S our c e s  (MJ x 1 08 ) 
% 
7 7  2 . 7 4 
85 7 . 4 0  
1 7  3 . 4 6  
4 2  1 3 . 6 0 
2000 
Total S e c toral Pr op::ir tio n  
Energy-use end-u se from 
(MJ x 1 0 8 ) % Renewab l e  
Sourc e s  
% 
9 . 9 6 1 0  8 0 - 1 0 0  
1 8 . 0 9 1 9  1 00 
67 . 55 7 1  27 -83 
95 . 6 0 4 6-88 
Ren e;.;ab l e  
Energy 
Sources 
( MJ  x lcfa ) 
7 .  9 7 - 9 . 96 
1 8 . CJ') 
1 8 . 24 - 5 6 . 07 
44 . 3 0 - 8 4 . 1 2 
( 1 )  Future ene rgy-u s e  i s  determi ned cy cal cu lating the product of 2% p . a .  growth in per capita energy u s e  and 5% p . a .  growth in popu l ation . 
( 2 ) Inc ludes government s ec tor . Fu ture ene rgy u s e  is d etermined by calculating a 5% p . a .  growth in to tal e nergy u se . 
( 3 )  Future energy u se is the product of 3 %  p . a .  per c apita growth in energy u se and 5% p . a .  growth in popu la t ion . Aviation fue l s  ar e  
i nc luded bu t no alternative i s  expected to be found f o r  t h em  b y  2000 . 
SOURCE : Tabl e 8 ,  Newcombe , 1 9 7 8 ; Newcombe et al , 1 97 8 . 
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for a further increase in the use of renewable energy sources under 
specified patterns of growth in total energy use,  using sector by 
sector differences in anticipated growth in energy-use compatible 
with a ' best guess ' based on the detail of present energy-use in Lae 
within each sector. The data presented indicate that 17% of the 1 9 7 7  
energy-use in La e  was from renewable energy sources , though none of 
the transport energy was from such sources . On the other hand , 7 1 %  
o f  domestic energy , being firewood and electricity , and 3 1 %  of 
industrial-commercial energy , being electricity , firewood and wastes, 
were from renewable energy sources. 
In order to evaluate the estimates of renewable energy sources 
( RES) as a proportion of future demand it is worth noting the 
anticipated shift in sectoral end-use, and the scenario of growth in 
energy-use for Lae detailed in Table 1 2 .  Industry in Lae is not 
anticipated to become significantly more energy intensive and overall 
energy-use in this sector is not seen as strongly related to the 
growth of population in Lae during this period. However , transportation 
is seen as strongly related to population growth because of the demand 
for movement around town and between Lae and its hinterland. Similarly, 
with improved highway conditions upon extensive road sealing now 
underway , the flow of traffic linking Lae with its hinterland is 
likely to expand rapidly , and Lae will act as a bunker supply depot 
for a significant proportion of this transport energy. Domestic 
consumption is estimated to increase at 2% per capita , slightly above 
the national urban average under the ' slow growth ' scenario for 
national energy use. This combined with a 5 %  p. a. growth in the Lae 
population estimated by the Bureau of Statistics , Papua New Guinea , 
provides the basis for future domestic energy demand. The low per 
capita growth rate is chosen because there are at present lower 
levels of energy-use per capita amongst middle level urban Papua New 
Guineans than amongst the settlement dwellers . This difference is 
related to the thermodynamic quality of the energy used for cooking , 
and to improvements in both first and second law effi cienci e s  in the 
middle income , low-covenant housing dwellers ' energy use where hydro­
electric power is used for lighting , and kerosene and wood stoves 
are used more often than open fires . Hence , even though the actual 
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work achieved i n  low-covenant hous eholds i s  higher than for self­
he lp settler s , absolut e energy-use i s  lower in per capita te:nns .  
Bear ing these as sumpt ions and observations in mind the 
future energy demand is estimated , and the proportion to be 
expected to be derived from RES is calculated in Table 1 2 . By 1985 , 
7 5 %  of dome stic , 2 2 %  o f  indu strial -commercial and 1 7 %  of transport 
energy i s  expected to be from RES , and this is expec ted to rise 
to a lower e s t imate of 80% , 100% and 2 7 %  from RES , respectively ,  
for the se sectors by 2 00 0 . The se sectoral data yield overal l  RES 
contributions o f  4 2 %  in 1 98 5  and 4 6 %  to 8 8 %  in 2 000 . Indeed , only 
the lack of an alternative aviation fue l  pre sents a barrier to 
complete energy self-su f fic iency for Lae for the year 2 000 . Suf f ice 
it to remark here that the pre sumed technical and economic 
capabil ity to achieve such a high l eve l of energy s e l f - sufficiency 
says nothing of the po litical and adminis trative difficultie s to be 
overcome in achieving thi s  obj ective . 
The sourc e s  of renewable energy for Lae 
The al ternative energy sources for Lae are deal t wi th in 
detai l in each o f  the sector papers , and these are the origins of 
the summary data in Tab l e  1 2 . I t  i s  nevertheless of value to 
briefly re fer to these sour c e s  here . 
For transportation ethanol is the only maj or alternative 
fore seen , a lthough biogas is expec ted to power fleet vehic l e s  for 
the Lae City Council in 1 98 0 . Ethanol is bel ieved to come first 
from broadacre farming for Cas sava , either alone or in combination 
with sugarcane . If the proposed sugar indu stry goes ahead a lcohol 
wil l  be avai lable from fe:nnentation of molas ses . The se sources 
wil l  provide a minimum o f  2 . 5Ml by 1 985 , and po ssible 1 2Ml or more . 
By 1995 wood -waste to ethanol wil l  be economical ly feas ible as 
wil l expanded cas sava produ ction , and or fu elwood c ropping , possibly 
of Leucena sp . , providing a minimum o f  64Ml , and possibly all but 
aviation fue l s , as pure alcohol fuel motors are available . From 
mid- 1980 r ight-hand drive alcohol fue l ed vehic l e s  wil l  be available 
ir. a wide range o f  size and perfo:nnance from Brazil , espec ially 
Volkswagen Brazil ( Newcombe et al , 1 98 0 ) . Three vehic les from 'VW 
Brazil with alcohol fueled motor s - all of them 'VWB micro-buses -
are being purchased as demonstration vehic les from Braz il in 1980 . 
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For indus try 8 5 %  o f  the 0 . 79 GJ of anticipated demand can be 
met by pyrol ytic fue l s  from pyro lys i s  of wood waste , the use of 
industrial waste such as paper , cardboard and coffee husks , 
and by hydropowe r ,  i f ,  for heat- raising , the e xi s ting 
indus trial- comme rcial users swi tch over their ene rgy 
equipment to enable char combus tion by that time . No barri er i s  
foreseen t o  complete conver s ion t o  dual - fuel sys tems by 2 000 , and 
wood was te , fore st res idue s and hydro-power are in adequate supply to 
me e t  demand at that time ( Newcombe , 1 9 7 8 ) . 
Dane stic energy use is already heavily r eliant on renewab le 
ene rgy source s ,  in the form o f  hydro-power and f irewood . Comment 
will be made on what constitute s a truly r enewable energy source in 
thi s  context later , for without proper management bot h  thes e  sources 
c ould eas ily become non-renewabl e .  I t  i s  e nvi saged that f irewood 
supplies be stabilised ; that e f ficien cy of cooking can increase by 
conversion to charcoal ; that kero sene substitute s  in the form 
of ethanol or methanol can be found for lighting , and hydro-power , 
or autonomous photovoltaic cell package s be extended and developed to 
cater entirely for the domes tic demand by 20 00 . LPG is expected to 
be pushed out of the dome stic market by that time (Newcombe , 1 9 7 9 ) . 
Fol lowing on from this initial research work three feasibil ity 
s tudies on the production o f  alcohol fue l s from cas sava , sugarcane and 
Sago palm are now underway , and construction has begun on a 2Ml/year 
cassava-ethanol plant at the Baiyer River in the We stern Highland s 
of Papua New Guinea . A 3 ODT/day pilot pyro lytic fuel s  plant ha s 
been completed and a 2 5  ODT/day plant is under de sign for construction 
by late 1 98 0  in Lae . A f ir ewood d i s tribution programme us ing wood 
was te from Lae ' s  sawmil l  has been impl emented and a firewood cropping 
programme has been initiated as part of an ecologically susta inable 
agro-fore s try rehabil i tation of the Atzera Ranges contiguous with the 
low-income settlements of Lae ( Newcombe , 1 97 9 , a & b ) . Al l of the se 
pro j ects have been funded and implemented by national and local govern­
ment , mostly through the 1 979 National Publ ic Expendi ture Plan (NP0 , 1978 ) .  
Renewable e nergy potential at the national l evel 
This section wil l  merely present an overview of the kind and 
status of signif icant r enewabl e sources that c an be developed economic ­
a l ly before the year 2 000 . An overview o f  a more comprehensive nature 
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of Papua New Guinea ' s  ene rgy options i s  provided in Newcombe and 
We ick ( 19 7 8) , partial l y  revi sed in the subsequent government Whi te 
Paper on ene rgy poli cy and planning ( Energy P lanning Unit , 1 9 7 9 ) . 
The data presented here in respect of selected re sources r epre sent 
a further revis ion and expansion of those contained i n  the latter 
document . 
I t  i s  obvious that thi s  section mus t  be severely limi ted by 
the informat ion that i s  available , not only about the status of 
phys i ca l  resources , but about the technological , economic and 
e cological c on text in which they might be exploited.  In all cas es 
we are ul timate ly talking about solar energy , regardless o f  whether 
we are re ferring to hydro-power or forest r esources , for they are 
a l l  forms o f  harvesting solar ene rgy . F irst , the de ficiencies ; 
there is no e stimate of the exten sive geothermal r esource which 
exists in Papua New Guinea , although the geologi cal survey section of 
government is conducting some fieldwork into the potential he re . 
Secondly , only the crude st estimate s are avai lable of the hydro-power 
po te ntial of Papua New Guinea ,  and thi s  is a very serious deficiency 
since the resource has already been developed to some extent ,  and the 
detailed ranking of site s  in terms of their hydrological and economic 
potential is an e s s ential component of forward planning for f urther 
exploitation .. Fina lly , the forest ene rgy resource s reported here , 
with the partial exception o f  fore s t  and sawmi l l  residue s , are 
incompletely surveyed , and in s ome instances the product o f  ' educated 
gue s swork ' on the basis o f  aerial photography and local fami l i arity 
with the environment .  
1 .  Hydro-power 
From fai rly cursory fieldwork in 1971 , the Aus tral ian Department 
of Housing and Cons truction e st imated the hydro-power re source o f  
Papua New Guinea a t  14 , 000MW , a t  8 0 %  load factor , 56% o f  whi ch was in 
the Purari Ba sin , 2 6 %  in the adj oining Kikori Basin , and 11% in the 
S trickland River Basin ( ADHC , 1974 ) . This survey did not con s ider 
in thi s total any re source l ik e ly to be less than S OMW ,  and in exce s s  
of A$600 ( 1 971 dollars ) /kW t o  instal l .  They found a number o f  river 
bas in s including one now being serious ly inve stigated , the Vanapa , as 
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yie lding power in exce ss of S OMW ,  but excluded them on a cost basis . 
Thi s  survey was wi thout doubt a thumbnail ske tch of the 
resource potential , and not anything like the comprehensive resear ch 
which is now warranted . Most of the important parameters , such as 
head and river flow were e st imated from he l icopter surve illance , 
aerial photography and rainfall i sohyets . Basic development costing 
was also c rude , as geological data for civil engineering costs were 
usua l ly not avai lable . It i s  also arguable that Papua New Guinea 
ought to be c oncerned on ly to prove up hydro re sources in exce ss o f  
S OMW when the maj ority o f  i t s  internal power requirements are me t  
from i ndividual units o f  supply cons iderably l e s s  than thi s . I n  other 
words mi cro-hydro is probably a llX) re important resource for Papua New 
Guinea than maj or hydro scheme s at this point in its deve lopment . 
8 The ADHC ( 19 7 4 )  data indicate a yie ld of 4415 x 1 0  MJ ,  about 
three time s the energy requirements for Papua New Guinea by the year 
2000 under our ' s low growth scenar io ' .  More to the point , the demand 
for electr i c ity at 2 000 is e stimated under this scenario to be only 
1 . 7 %  of thi s  re source , provided there is no development of electricity 
from the Purari Basin for export ,  or for exclus ive use by one or two 
huge i ndustries in the Papuan Gulf Provinc e s . 
I t  i s  obvious ,  then , that the util i sation o f  this hydro­
resource thi s  century wi l l  be minima l . To date only 94 MW have been 
tapped , and a further total o f  200 MW are under s erious consideration 
by the Electricity Commi ssion and the Department of Minerals and 
Energy for instal lation by 1 990 . In o ther words , by 1990 only 2 . 1 %  
of the re source potential may have been tapped . I t  i s  unl ikely tha t 
more than an additional 100 MW wil l  have been brought into use by 
2 000 , a ssuming , of course , that the 1 800 MW first s tage of the Purari 
pro j ect ha s not been devel oped by that time . There are no f irm plans 
for Purari development now which means that the early 1 9 90 ' s  is the 
earliest that this scheme could be operative . 
Quite apart from the l ikely utili sation factor of Papua N ew 
Guinea ' s  hydro-resource this century , there are serious que s tions of 
the compatibility of large- scale hydro-power development and 
extens ive transmission , with the national d evelopment strategy , 
especially as other locali sed sources o f  e lectricity , such as wood­
fired , producer-gas ,  and min i and micro-hydro power became availabl e 
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a t  s imilar cost . Plans have now been prepared for the establishment 
of a K3 . 5  mi l lion rol l ing fund for micro-hydro development to displace 
diesel generation , and for an extens ive evaluation and ranking of the 
hydro-power resource in the range 5 - 2 5  MW or thereabouts . The ' roll i ng 
fund ' is designed to alleviate the first costs of hydro-power devel op­
ment , so far a barr ier to util isation of this re sourc e . 
2 .  Biomas s re sources 
Inc l uded here are the wastes from exis ti ng fores try operations 
whic h  can be expected to be available at the current level or above 
inde f inite l y ,  and naturally occurring stands of trees which o f fer 
considerable potential as a renewable energy source . Energy farming 
of fore s ts has long been implicit in the swidden cultivation mode 
of indi genous agriculturali s ts . Their management of the fore st 
resource as part of an agro-fore stry complex provided, in most areas , 
a susta inable yi eld of both food and firewood energy . In other areas , 
such as the Markham Valley and the Eastern Highlands patterns of 
exploitation were not compatible with long term sustainable yields 
and Kunai grass lands are rapidly taking over from fore st cover . The 
only expli c i t  energy farming of fore sts is the firewood cropping 
programme by the Office of Fore sts on the Wahgi Swamps , now 1 4 0 0ha , 
and particul arly succes sful . The se biomass resour ces are summarised 
in Table 1 3 .  
a )  Forest re sidue s and sawmill was te s : 
A de tai led assessment of this category of biomass fue l s  is 
provided in Appendix 1.  This has been updated from pr evious e stimates 
( Newcombe and Weick , 1 9 7 8 )  wi th the bene fit of fie ldwork in November 
19 7 8 .  The energy value of the se wastes is obtained simply by as suming 
a figure of 4 0 %  moisture content on a wet basi s , and a .6 7 %  energy 
conve rs ion i nto usable energy forms such as oi l ,  char , and g a s  by 
pyrolysis ( see Tatom , 1 9 7 9 ) . The combined energy potential i s  
8 1 9 3  x 1 0  MJ ,  or 80% of the energy va lue of imported petroleum products 
in 1 9 7 5 - 7 6 . This combined with the logging and sawmill waste s from 
the l arge number of sawmi l l s , which are es timated at 3 4 %  of the 
vol umes avai lable from maj or fores try operations , provides 
8 2 5 9 . 7  x 10 MJ ,  or 1 0 7 % of the energy value of 197 5 - 7 6  imports . Notes 
on the economic ava ilabil i ty of thi s energy are provided in the 
I ndustrial-Commercial papers ( Newcombe , 1 97 8 ) , however , it i s  as sumed 
that the ir exploitation in total will be economic by 2 000 . Apart 
from uti lis ing these wood-wa stes by var ious forms of de s tructive 
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Tab l e  1 3  S e l ec ted B i oma s s Energy Re sou rc es 
Bioma s s  S ource Q u an t i ty 
Ava i lab l e 
Energy Value 
( 1 0 8 MJ ) ( l )  
Was tes at maj or s awmi l l s ( 2 )  3 3 9 , O O O t e  2 7 . 1  
Re s i dues and c u l l s  from 
ma j or fores try 
oper a t ions ( 3 )  
Comb ined s awmi l l  and 
forest r e s idues from 
sma l l  ope ra t ions ( 4 )  
S ago Palm ( 5 )  
N i  pa P a lm ( 6 )  
Ex i s t i ng fue lwood 
c ropp i ng ( 7 )  
Tota l 
Footnotes 
2 , 0 7 2 , 0 0 0 t e  1 6 6 . 7  
8 2 0 , 0 0 0 t e  6 5 . 9  
3 0 0 , 0 0 0 ha 6 0 . 4  - 3 2 3 . 2  
4 7 , 5 0 0ha (rriin ) 3 5 . 4  
l , 5 0 0ha 4 . 0  
( 300ha p .a . ) 
3 5 9 . 5  - 6 2 2 . 3  
( 1 )  E thano l i s  regarded a s  the energy form produ c ed from 
S ago and N ipa Palm , and for the purpos e o f  the s e 
c a lcu l at i on s i t s  energy va lue i s  taken as 8 5 % of motor 
s p i r i t , or 2 9 . 2  MJ/l , compared w i th its ac tua l entha lpy 
value of 2 1 . 3  MJ/ l . 
( 2 )  S e e  Append ix 2 .  
( 3 )  S e e  Append ix 2 .  
( 4 )  3 4 % o f  the r esou rc e ava i l ab l e  from ma j or ex i s t ing s aw­
mil l s  and forestry operat ions . E s t imated on a pr o-rata 
bas i s  u s i ng cubi c  metr e input data to the sawm i l l s  
( Of f ic e  o f  Fore s t s , 1 9 7 8 ) . 
( 5 )  Are a  ava i l ab l e  for harve s t ing i s  e s t imated by C avanaqgh 
( 1 9 5 5 )  for the S epik Prov i nc e s , and e s t ima t ed from maps 
provided by J .  Z e i c k  ( per s . c omm ,  FPRC , PNG , 1 9 7 9 ) . 
( 6 )  Only f irm data ava i l ab l e  on the r esour c e  s i z e  i s  in 
r espect of the Purar i  Basin from Liem and Ha ines ( 1 9 7 8 ) , 
Th i s  i s  a very sma l l  po rtion of the actual r e s ourc e 
wh ich ha s no t o therw i s e  been surveyed . 
( 7 )  F i rewood c rop s pl anted on the Wahg i swamp up to Dec ember 
1 9 7 8  ( L .  Mar t in , Prov i nc i a l  Fores t s  O f f icer , Mt . Hagen , 
pers . comm . , 1 9 7 8 ) . 
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distil lation , o r  pyrolys is , it appears that the ir conversion to 
ethanol or methanol by ac id hydro lysi s  and fermentation will be 
economic within the next decade ( Newcombe et al, 1 978 , 1 980) . The energy 
value of the se wa ste s repre sent 2 2 %  of the total imported petro leum 
products demand e stimated for 2 000 , under our ' sl ow growth ' scenario . 
Of the total of 1 5  mil lion operable he ctare s of fores t  
avai lable in Papua New Guinea , about 0 . 9 mil l ion hectares are 
currently being worked . New ma j or fores try operations are be ing 
planned at Kapi l uk and Umboi I s lands and the total area under 
negotiation now , or expected to be in the near future , is 3 mi l l ion 
hectare s .  I f  new planned fore st plantings follow clear-fe ll ing 
operations , and selectively logged areas are we l l  managed , whi ch 
include s cull ing was te tree s for energy , there is l ittle doubt that 
the present l eve l of energy from wastes can be mai ntained , and even 
greatly increased . I ndeed the way is now open for pre-planned fully 
integrated energy and timber products harve sting o f  natural forest 
res ource s ,  and their continued management for higher and sustainable 
l eve l s  o f  productivity . 
b) Sago Palms ( Me troxylon spp . )  
Sago pa lms are a naturally occurring source of almost pure 
starch ,  which can be extracted from the pi thy core of the bole by 
s imple hand-labour technique s .  S tarch can be converted into sugar 
by enzymatic hydrolys is for fermentation into al coho l . The ene rgy 
s e l f- s ufficient means o f  converti ng sugarcane to ethanol us i ng 
bagas se for factory heat and powe r appears to be an enti rely 
appli cab le concept for S ago- a l cohol . The c e l lulos ic re sidues le ft 
ove r afte r e xtracting sago starch , and the woody sheath of the bole 
sp lit o ff be fore proces sing can be dri ed and burnt to provi de the 
ene rgy requi rements of the al coho l production proces s .  
Sago pa lms are found i n l arge natural  stands on the Se pik 
Rive r  and in Gul f  an d Weste rn P rovi nce freshwate r swamp areas . 
Especially in the S epik , f loating factories on barge s appears to be 
one way of deve loping an alcohol from sago industry . The smaller the 
indus tri al uni t the more flexible , and sui tab le to e conomi c deve lop­
ment , the indus try wi ll be to the re gions involved . Sago has been 
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inve sti gated in Papua New Guinea as a source of starch for export at 
leas t 1 1  times between 195 3 and 1 972 ( J .  Ze ick , Fore st Produc ts 
Re search Centre , Papua New Guinea ,  pers . comm . 1 9 7 9 ) . Industries 
with the capacity to produce 3 0 , 000 tonne s or more of s tarch per 
annum have been envi saged , and in all cases no attempted industry 
has resul ted . In the l as t in stance a Japanese company , Toyo Menka , 
wished to construct a pi lot plant of one ton/day capacity , but 
despi te , in their vi ew ,  a fair chance of succe s s ,  re lations between 
themselve s  and the P apua New Guinea administration did not lead to 
implementation . These investigations provide a data ba se , which , 
though sti l l  patchy , enables a cursory analys is of the po tential for 
e thanol production for transport fuels for Papua New Guinea . 
Estimate s of the tota l  s ago resource s  remain crude , for 
a lthough aerial re connaissance can yie ld total plant dis tribution , 
the s tarch content of the p l ants in s tands varie s  considerably ,  and 
a cce ss on the ground to the re source cannot be readily estimated 
from the air . cavanagh ( 1 95 5 )  estimate s that ther e are one mi ll ion 
acre s of sago stands in the Sepi k , and maps provided by Zeick ( FP RC ,  
pers . comm , 1 97 9 )  indicate another 1 . 5 -2 mil lion acre s in the Gul f 
Provinc e  r eg ion . Again , e stimate s of the productivity of the se stands 
varies greatl y .  Cavanagh ( 19 5 5 )  maintains that 6 to 7 bole s yields 
one tonne o f  dried starch , and that annual yields of 7- 8 bole s/ha can 
be expec ted . Implicitly , about 1154Kg of starch c an be obtained per 
ha . on average . This is conservative for the average sago log i s  
1400Kg of which 2 0% should be w e t  starch , o r  2 80Kg . At 4 0 %  m . c .  ( wet 
bas i s  assumed) we have 168Kg of dry s tarch ( Toyo Menka , 1 9 7 2 ; Edwards , 
1 96 1 ) . Thus the annual renewable yield of a hectare o f  sago using 
Cavanagh ' s  data i s  l . 1 5 te/ha 0D sta rch. As suming lKg of starch wil l  yield 
0 . 6 !/ethanol ,  thi s  tran s fers to an annual renewable yield of 690 
!/ethanol pe r ha . At the other end of the scale detailed assessments 
of sago stands by Nakamura of Toyo Menka produced data showing 40-42 
mature bole s pe r ha , or in terms of the above data 3690 1 e thanol/ha/ 
year. In between thes e are data which compute to yie lds of 9 30 - 1 3 4 0  
1 e thanol/ha/year ( Morri s ,  195 3 )  and 1340-1830 1 ethanol/ha/year 
(Edwards , 1 96 1 ,  ci ting Office of Forests , Papua New Guinea ,  estimate ) . 
All of the above sources agree , however , that past the first 
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rotation , when the natural s tand become s subj ect t o  semi -cultivation , 
the yie ld wi l l  increase conside rab ly .  In Table 1 3  the ful l range i s  
recorded for readers t o  speculate on the imp l i cation s  for Papua New 
Guinea ' s  ene rgy future of each of the po ssibili tie s .  A first glance 
at the e conomi es of even the most sma l l - scale of production uni ts , 
2 mill ion l itre s per annum , look favour able . As suming a range o f  
purchase p r i c e  per average bol e  ( 1 4 00Kg w e t  we ight) of from K3 . 40-
Kl 7 . 00 the produc tion co st o f  ethanol range s from 1 2 . 7 - 2 6 . 0  t/l i tre 
wi thout accounting for po s s ible bi-produc t credits o f  up to 2 t/l i tre . 
The real price o f  motor spirit in the Angorarn Region of the West S ep ik 
in the first quarter o f  1 98 0  was 3 9  t/l i tre . A programme to develop 
thi s  Sago resource and to enhance it with new plantations ha s been 
reported by Holmes and Newcombe ( 1 9 7 9 ) . A ful l  scale feasibil ity s tudy 
on the p roduction of ethanol from Sago in the S epik i s  now under way . 
Soc ial impac t  assessments will be complete by May , 198 0 ;  resource 
assessments by August , and engineering s tudies by Oc tober , 1 98 0 . 
Tabl e  1 3  shows energy yields in motor spirit equiva lent energy 
te rms ( 2 9 . 2MJ/ l  c . f .  2 1 . 3MJ/l for ethanol )  as the emphasis i s  on 
import substitution for transport fue l s . The Gul f  Province r esource 
is regarded as 1 . 5  times the s ize of the Sepik resource . The yield 
i s  6 0 . 4 - 3 2 3 . 2  x 1 08MJ or from 2 07 -1 1 0 7Ml of motor spirit equivalent . 
The lower f i gure is 2 2 %  of the 1 98 5  e stimated demand for transport 
fue l s ,  7 %  of the 2 00 0  demand , and about 48% of present demand ( s low 
growth scenario ) .  
c )  Nipa Palm (Nipa Frutican s )  
Nipa palm is a tree of 3-4 me tres high whi ch grows in es tuari ne 
swamps . I t  is found ri ght throughout S outh As ia and the Paci f i c . A 
s ugary j uice i s  tapped from the frui t- flowe r s talks equivalent to 
about 6% alc ohol (by volume ) . A report on the Gul f P rovince are a  as 
part of the e nvironmental impact s tudies for the Purari scheme ( Liem 
and Haines , 19 7 8 )  de s cribes a s tand of pure Nipa sp . o f  4 8 , 50 0  ha , 
and e s timate d a potential alcoho l  yie ld of 2500 1 ethano l/ha/year , 
bas ed on da ta contained in Foxworthy and Mathews ( 19 1 7 )  in re spect o f  
North Borne o . Th i s  repre s ents 1 2 1 . 25Ml o f e thanol, or 10 3 . lMl equi valent 
of motor spi ri t, compared wi th 1 2 5 . 9Ml impo rted during 1975- 76 . There 
is no comprehens i ve es timation avai lable on the extent, an d accessibi l i ty 
for this purpos e , o f  Nipa pa lm s tands in Papua New Guine a ,  so thi s  
mus t b e  taken a s  a mini mum o f  the area o f  Nipa palm avai l ab l e . 
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J . F . K .  Ze ick , o f  the Fore s t  P roducts Centre of P apua New 
Guinea unde rtook a lite rature revi ew of thi s  topi c during the al cohol 
fue ls pre- feasibi li ty study of 19 79 . He cal culated what he regarde d 
to be a cons e rvative esti mate o f  yield as fo l lows : 300 trees /acre , 
1 pint o f  j uice/tre e/day , 200 tappings/ye ar, gives 8000 gal lons/acre/ye ar, 
( i . e .  approximate ly 480 gal lons o f  al coho l/year ( 9 5% ) ) .  This is a yield 
of 5 400 l/ha , which for the 48 , 500 ha re fe rred to above in the P urari 
Basin , i s  26 2Ml of e thanol or 2 2 3Ml of motor spi ri t equi valen t .  The 
lower e s timate of yield given above is us ed in Table 1 3 , even though 
thi s  is being perhaps too cautious about the ene rgy potential of 1"!'ipa 
palm in Papua New Guinea . A th ree year re se arch programme aimed at 
es tab l i shing the cos ts and bene fi ts o f  Nipa palm alcoho l produc ti on , 
as we l l  as Nipa s ugar, vinegar and wood products has b egun . Rese arch 
s ta f f  and faci li ties wi l l  be in p lace at Baimuru in the Gul f  P rovince 
by June , 1980 . 
d) Fue lwood cropping 
For the momen t the production o f  timber j us t  for ene rgy , on a 
co� rcial bas i s ,  is limi ted to fi rewood cropping o f  Eucalyptus robus ta 
and E .  grandi s on the Wahgi Swamp in the Wes tern Hi gh lands P rovin ce . 
The re have been 14 00ha planted over the pas t 8 to 10 years , and a 
minimum o f  300ha wi l l  be plante d in 19 79 unde r thi s  exi s ting programme . 
Yie lds a fter the f i rst rotation , that i s , a fte r coppic ing , are e xpected 
to be 20 ODT/ha/year on average , gi ving an annual yield , at 6 7% 
8 e ffi cient ene rgy conve rs i on, o f  4 x 10 MJ/year . With expanded ove rall 
fue lwood demand and conve rsion from dies e l  to woodfue ls in the local 
tea i ndus try a furthe r 2000ha o f  dedi cated fue lwood crops i s  like ly to 
be planted in the We s te rn  and other H i gh l ands P rovince s  over the next 
8 I . h two years , y i e lding at least a further 4 x 10 MJ year , excluding t e 
exi s ting commi tment to plant 30 0ha more fore s t  on the Wahgi Swamp in 19 79 . 
A fi rewood croppin g p rogramme has been in iti ated by the 
Departmen t o f  Mi nerals and Energy, in associ ation with the Lae Ci ty 
Counci l ,  for the Atze ra Hi l l  system adj acent to Lae, as a re sult o f  thi s  
UNES CO re s e arch . Th i s  agro- fore s try programme aims to have a t  leas t 
2 00ha o f  fue lwood planted, mos tly to Le ucena spp . , within four years 
from 19 79 . Again 20 ODT/ha/year is the anti cipated yi e ld in the mature 
phase of the rotati on cropping programme ( s ee Harris , 19 78) . The re i s  
li ttle doubt th at th is agro- forestry approach t o  food a n d  ene rgy 
producti on wi ll spread qui ck ly i f  the Atzera P ro j ect prove s s ucce s s ful . 
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I n  sununary , Tabl e 1 3  provides estimate s  o f  thes e  bioma s s  energy 
resources which range from 1 . 0- 2 . 1  time s the estimated 1 985 d emand , 
and from 31-64% o f  the estimat ed 2 000 demand for imported pe troleum 
produc ts , us ing the ' s low growth' scenario . These data cl early do 
not inc lude any estimat ion of the very considerable potent ial for 
dedi cated energy farming of cassava , or tree crops , on a much larger 
scale than is now the case , and therefore must imply a very real 
po tent ial for ene rgy sel f-suf f ic i ency at the turn of the century , 
should renewable ene rgy source development be pur sued vigorous ly 
dur ing al l of the next 20 years . 
3 . Harvesting solar radiat ion directly 
Papua New Guinea has a s ur f  ace area of l and of about 46 mi l lion 
hectares which , at 18MJ/m2/day average insolation , represent s a sol ar 
1 5  energy potent ial of 3 x 1 0  MJ/year . Just 1% of this energy represents 
740 t imes the 1 9 7 5 - 7 6  total energy use for Papua New Guinea , exc luding 
food or somat ic ene rgy used by the human populat ion and hence the 
solar input to food production . Solar energy i s  used in many forms , 
but its use d irectly as radiation converted to heat or electri city is 
l imited to crop drying arrl dome stic hot water in the f irst instance , 
and to microwave repeater stations in the second . In Lae j ust 189 , 
or 4% of 4858 dwel l ings had solar hot water heating in F ebruary 1978 . 
Need l e ss to say , the potent ia l i s  enormous for f urther 
exploitation o f  direct solar radiation as an energy sou rc e . The 
Nat ional Works Authority and the National Hous ing Commis s ion are 
instal l ing solar collectors in all high-covenant home s in Papua New 
Guinea owned by government , and incentives for the pr ivate hou s ing 
sector to replace as many e lectric hot water sys tems as pos s ible with 
solar systems are l ike ly to exi s t  with the revision of electric ity 
tari ff in early 1 98 1 . 
In add iti on , recent di scu s s ions between the Ele ctr ic ity 
Commis sion and the Department of Mineral s and Energy reveal that 
between SOOkW and lMW of outlying diesel stations are generating power 
at costs exceeding US$ 0 . 70/kW delive red , making even photovo l taic cel l s  
(PVC ' s ) a n  economic fo rm of el ectric ity generation, a t  todays pr ice 
of KT0, 000 per kW pe ak , fully instal l ed . With PVC ' s expected to fall 
to an instal l ed cost of as little as Kl000-2000/kW peak by 19 86 , there 
i s  l i ttle doubt that direct solar e l ec tr icity has enormous potential 
in Papua New Guinea ' s  energy future . 
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The Development Context 
In this concluding sect ion a few of the i s sues wil l  be 
rai sed whi ch must be faced when attempt ing to bring about energy 
s e lf-suffic iency based on renewab le energy sources . First , however , 
to summarise the previous discuss ions about , and des cript ions o f , the 
renewab le resource base tha t is potent ially exploitab l e , the magnitude 
of the energy avai lable from these sources should be recoun ted . 
Hydro-power , currently provid ing about 2 %  of the nat ions 
ene rgy , repre sents at l e ast three t imes the ant ic ipated energy demand 
for all end-uses by the year 2 000 . The l atter is forecast to be 
8 1 16 0  x 1 0  MJ for the purpose o f  the se comparisons . Just 1 %  of the 
solar radiati on inc ident on Papua New Guine a is about 260 times thi s  
amount , and the sum of the energy potent i al o f  the biomass e nergy 
re source s  se lected for discuss ion - existing forestry residues , sago 
and Nipa palm s tands and exi sting fue lwood crops , amount s to between 
3 1 %  and 64 % of thi s  est imated energy demand in the year 2 0 0 0 . 
As extensive energy farming has been di scussed as an 
addit iona l opt ion , the potent ial here can be plac ed in context by 
noti ng that 800 , 000ha would provide the equivalent of our reference 
2000 ene rgy demand , and thi s i s  10% of the forest re source which is 
regarded as both acc essible and suitab le for large sca l e  commerc ial 
forest development under pre sent day e conomic condit ions by the Of fice 
o f  Forests . The problems of acquiring this amount of land for 
continuous c ropping ar e not d i ff icul t to imagine , but , neverthe less , 
the option for the longer term can hardly be di smissed out o f  hand . 
So these data provide a back-of-the-envelope estimate of 
Papua New Guinea ' s  renewabl e ene rgy potential : it i s , i ndeed, very 
large , but what criteria must be used to se lect the most appropriate 
pattern of ene rgy resource deve lopment ? 
Some guide l ines are provided by the national development goal s  
e spoused b y  Papua New Guinea . The eight-point-plan stresses balanced 
rural deve lopment , part ic ipation by small-holders in the economy , and 
equal distribution of good s and services and economic opportunities . 
The National Devel opment Strategy also emphas i se s  self-reli ance and 
independence ; in effect , pol itical autonomy . Apart from the obvious 
emphasis then on renewabl e ,  loca lly available , energy sources for 
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self-sufficiency , it is clearly implied that dispersed energy sources 
should be favoured over concentrated one s . Put another way it is 
better that sma l l  communities are given the capac ity to develop 
local energy source s in accordance with their needs , and under their 
control , than that they conform to the patterns of consumption imposed 
by a centrally regulated source di stributed to them over great 
distance s .  An energy s trategy des igned in accordance with that 
criterLon wil l  promote smal l-scale production uni ts , requiring lower 
l evels of technical skilL over large-scale centralised production 
accompanied by extens i ve distribution sys tems . 
I t  is not by any means the rule that large r units of production 
wi l l  yie ld s i gn i ficant economie s of scale because the costs of 
distribution , and the re liability of s upply , are often important 
fac tors coun te racting this e ffe c t .  In  Papua New Guinea the e xample 
that can be drawn to i llustrate this point is of large- scale hydro­
power versus on-site generation , including micro-hydro re sourc e s .  
The s iz e  o f  Papua New Guinea ' s  hydro-power resource i s  mis­
leading as a guide to the potential it  has to service the exi sting 
pattern of energy demand . I t  is common for l arge hydro-power systems , 
say 50MW and above , to have costs of K.1 000-15 00/installed kW , which 
i s  acceptable a s  a first cost for a resource with at least an 80% 
capacity factor . But transmis sion costs are very high and l ines are 
often susceptible to coll apse due to geological instabil ity . From 
the Ramu system to Madang , the power l ine was out of service for 
up to 25%  of the time in early years cau s ing s evere losses to industry 
and many costly s ide-effects o f  the higher demand on die sel back-up 
in the Madang township ( such as cool ing and re frigeration systems 
burning out with big vol tage fluctuations when the towns chip-mil l  
i s  forced to operate from the diesel back-up instead o f  hydro) . The 
true cost of this mode of power supply have not been assess ed , a 
fact which repre sents a defic iency in power systems planning . To 
date in Papua New Guinea the philosophy of large distribution net­
works dominates over locali sed autonomous systems , even though maj or 
indus try frequently pre fers the secur ity of the l atter . At the 
indu strial level there are many instances where the local supply of 
electric ity u tilising steam generation from , or gasi fication of , wood 
was te s, or mini -hydro, is more economic , even without an hone s t  
accounting for the rel iabil ity and loss o f  gri d-s upply . 
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At the leve l of smal l rural conununitie s the d i stribution 
costs of e lectricity through a grid sys tem wi l l  almost invariably 
exceed those of the on -site alte rnative s now available , inc l uding 
mic ro-hydro , PVC ' s ,  wind-powe r ,  and wood/charcoal gas i fi cation 
systems for othe r than traditional vi llage settings . As Amargwal 
( 1978)  ha s observed in respec t of Indian rural e lectri fication 
scheme s , the costs of transmi s s ion ov.e r one ki lome tre eq.ials the cost 
of production , and in creases by the same amount for every ki lometre 
therea fte r .  
The additional point t o  b e  made wi th respect to hydro-power 
is that the c on s truction and maintenance of the supply and dis tribu­
tion sys tem requi res a high leve l of fore ign technical ski l l .  The 
high cost and low ava ilabil ity of the se ski l l s  is now j eopard i s ing 
the ent ire e l ectric power system in Papua New Gu inea . 
In e f fec t ,  the actual potential of hydro-power ,  a l arge and 
seemingly attractive re source , is much reduced by i t s  real e conomic , 
s trategic , and cul tural de ficienc ies in the Papua New Guinean 
environment . 
Another ve ry important strategic considerat ion for energy 
planning is the que stion of ' how renewable is the energy sourc e ? ! . 
Very simp ly ,  a lthough bioma s s  re sourc e s  are renewable ' ,  and hydro­
powe r is 'renewable� ,  these mus t  on ly be viewed as potentia lly , rather 
than invari ably s o .  Harve sting biomass at a n  ecologica l ly sus tainable 
yield i s  a science l earnt through careful obs ervat ion and expe rimenta­
tion ; it doe s not j ust happen .  Hydro-power dams can s il t  up , 
reducing or removing the energy potential of the sys tem , j ust because 
of poor management o f  the catchment, or through failure to recognise , 
and to obse rve , these paramete rs in s i te se le ction . 
Fo r the se reasons it i s  strategica l ly more sound to tap 
natura l ly renewable re sources ahead of those which mus t be care fully 
moni tored and kept in ecological balance to ensure the i r  renewable 
nature , such a s  wi th cassava . In Papua New Guinea thi s  means that 
sago an d Nipa palm in natura ll y  occurring s tands could r epre sent sound er 
prospec ts for energy harvest ing than cul t ivated energy crops . 
These swamp dwelling spec ies are cons tan tly nourished by nutr ients 
flowing in from higher altitude water catchments , and there al ready 
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exis ts a high leve l  of adap tation between them and their 
envirorunent . Furthe rmore , harves ting the s e  resources is not like ly 
to be environmentally disruptive ; the processes are simple and 
lend themse lve s  to the use of casual labour , or sma ll-holder 
businesses for co l lection , and the in troduc ed s tate of semi-cultivation 
is likely to enhan ce ove ral l productivity of the energy source . 
Aga in the collec tion and convers ion of forest re sidue s wi l l  
actua l ly improve the timber re source of the natura l fore sts , and 
ought to be able to be managed so that the res idue s and culls can 
be regarded as renewable on a 30 to 50 year rotation basi s .  Clear­
fe l l ing and replan ting of monoculture s ce rtainly increa se s the 
produc tivity of the area both of timber and ene rgy ; but it is fraught 
wi th dangers for the s tabi lity of the social and bio logical systems 
that were assoc iated wi th the na tural diversity o f  the previous 
fore s t  ecosys tem. The Madang wood-chipping operation has exposed 
the se dangers , and the di fficulty of coping wi th them in a deve loping 
country (Webb , 1 9 7 7 ; S eddon , 19 78) . 
Taking these fac tors in to consideration the pre ferred path 
to energy s e l f- suffic iency is one which uti l i se s  natural ly oc curring 
renewable energy resource s ,  requi ring little in the way of consc ious 
management to ensure a sus tained yield.  The technologie s o f  energy 
convers ion should be as sma l l  in scale as pos s ible , simple to cons truct 
and manage , hence creating l ittle ongoing dependency on imported 
expertise . Thi s  optimum pattern wi l l  not be favoured in all circum­
stance s ,  but the criteria which de termine i ts suitabi lity should 
always be foremost when de termin ing the direction of energy deve lopment 
in any region . 
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Appe n d i x  1 
Fo r e s t  Re s i d u e s  a nd S awm i l l  Wa s t e s  av a i l a b l e  f o r  . e ne r gy 
c q nve r s i o n  i n  P a pu a N ew Gu i n e a , 1 9 7 9  
P r ov i n ce 
We s t  N ew B r i t a i n  
B i a l l a  
S t e t t i n  B a y  
E a s t N ew B r i t a i n  
Open Bay ( 1 } 
Rab a u l  
Mo r obe 
S ou th P a c i f i c T imb e r s  
S I'l' l e a s e s  ( 3 )  
Bu l o l o - W a u  ( 4 )  
Madang 
J a ny - Go g o l  ( 5 )  
Wewau - G og o l  ( 6 ) 
N ew I r e l a n d 
C e n tr a l  
N a kma i 
S o u th e r n  H i g h l a nd s 
K au pe n a  
I a l i b u  ( 7 )  
C e n t r a l  
K u  p i a n o 
P o r t Mo r e s b y  H i l l s  ( 8 ) 
S ub - To t a l ( 1 0 )  
A l l S m a l l  S awm i l l s  ( 9 ) 
TOTAL 
E n e r g y  Con v e r s i o n  D a t a : 
( 2 ) 
S awm i l l  o r  Log 
D e s p a t c h  D epo t 
I n  F i e l d -
i n c lu d i ng 
c u l l s  
( ' O O O t e )  
1 7  1 8 0  
3 5 2 8 8  
3 0  2 7 6 
1 0  5 0  
5 3  1 5 9  
1 3 0  
7 5  1 1 7  
1 5  5 0 0 
4 5 4 
3 9 9 0  
6 9 0  
1 2  2 7  
5 9 
2 9 7 2  
1 0  3 0 
3 3 9  2 0 7 2  2 4 1 1  
8 2 0 8 2 0  
3 2 3 1  
Mo i s t u r e c o n t e n t  o f  wood ( we t  b a s i s )  = 4 0 %  
E n e r g y  c o n t e n t  o f  a n  oven d r y  t o n n e  o f  wood = 2 0 , 0 0 0  HJ 
C o nve r s i o n E f f i c i e n c y  by P y r o l y s i s , i n c l u d i n g d r y i n g  = 6 7 %  
Th u s  3 2 3 1 x 1 0 3 ( 1 - 0 . 4 )  x 2 0 , 0 0 0  x 0 . 6 7 = 2 5 9 . 7 7 x 1 0 8  MJ 
Foo t n o t e s :  
( 1 )  D a t a  d e r i v e d f r om f ie l dwor k by K .  N e wc omb e , J . Ta tom 
a n c1 E .  H a mmr. r m a s t e r , Novembe r , 1 9 7 8 . C otw c r s i c n f :1 c t.0 1· 
f o r  l o g i n �.:iu t v o l ume ( V )  to a v a i l a b l e \,· a s l. c i n  t h e  f i e l d 
i s  t a k e n  a s  l . 8 8 V .  Recov e r y  o f  t imb e r  f r om l o g  i npu t 
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volume to s awm i l l  is taken a s  0 . 4V .  Thi s data is 
l i k e ly to be an underes timate o f  ac tua l potent ial . 
For examp l e , no a l lowance i s  made for recovery of 
wa s te timb er f e l led for road ne tworks . 
( 2 )  From deta iled wa ste f l ow ana lys is a t  SPT by M .  Page , 
C S I RO , Me lbourne , November , 1 9 7 8 , and fr om ( 1 ) . 
( 3 )  From ana lys is o f  t imber l ea s e s  already harves ted and 
s t i l l  ava i labl e  f or secondary logg ing within a 3 0 km 
haul o f  Lae , M .  P age , C S I RO ,  Melbourne , 1 9 7 8 . 
( 4 ) Data provi ded to J .  Tatom and M .  Page by CNGT and 
Boudr e 1  T imber s , Novemb er , 1 9 7 8 , as p art of consul tancy 
to D epartment of Miner a l s  and Energy , Port moresby , 
Papua New Gu inea . 
( 5 )  P e r s ona l commun icat ion , S .  L es l i e , Jant Co . , March , 
1 9 7 9 , R .  Bruc e , P rovi nc i a l  Fore s t  O f f i c e , Madang , 
November , 1 9 7 8 , and a s suming doub l e  logged vo l ume l e f t  
as wa s te s  i n  f ield a f ter c l e ar - f e l l ing . 
( 6 )  P er s onal Communi ca t ion , Wewak T imb ers Co . ,  Mad ang , 
November , 1 9 7 8 , and ( 1: ) . 
( 7 )  P ersonal commun i ca t ion , G .  Spil l ane , Lama S awmi l l , 
I a l ibu , November , 1 9 7 8 . 
( 8 )  P e r s onal communicat ions , B .  Hermi s e G , Fo re s t  Products 
Re s earch Centre , Boroko , Papua New Gu inea , February , 
1 9 7 9 . 
( 9 ) Data deriv ed from Of f i c e  of Fores t  Repo rts on minor 
s awmil l s  log vo lume inputs and a s s umpt ions made in 
( 1) • 
( 1 0 ) Wher ever the data sourc e i s  unspec i f i ed , deta i l ed 
loca l a s s e s smen t  o f  the re source has no t been made , 
and average data from o ther s imi lar sawmi l l ing or 
log expo rt ope rat ions . ha s  been app l i ed . 
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Chapter 3 
Energy in Industry* 
*This chapter is a substantially rewr itten and updated ver s ion of 
" The Indu s trial/Commercial Papers " by Newcombe , K . , 1978 . 
Technical Paper PNGE/T6 , Papua New Guinea Human Eco logy Programme ,  
Centre for Resource and Envirorunental S tudie s , Au s tral ian National 
Univers ity , Canberra . 5 2pp . 
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I n troduc tion 
The data and the en suing di scus sion on th e patterns o f  end 
use of energy in the indus trial- comme rcial sector o f  the en ergy 
economy of Lae is part of a series of energy po licy papers le ading 
to an in teg ra ted evalua tion of the e nergy fut ure of Lae and i t s 
hin te rland . The obje c t  o f  this re search , as with re search in to 
ene rgy use in the o ther sectors o f  e co nomic acti vity , i s  to 
de te rmine the poten tia l for energy conservation , and for the 
deve lopmen t of alterna tive , loca ll y avai lable renewable energy 
sources in a ma nner compatib le wi th the national devel opme nt 
s trategy o f  Papua New Guinea ( CPO ,  1 9 7 6 ) . 
The City o f  La e was cho sen fo r this re search be cause it is 
the second bigge st city in Papua New Guin ea , and the foremo s t  
indus tria l city . As opposed to Port Mo re sby , Lae is co nne cted 
with an extensive hin terland by the country ' s only major h i ghway 
sys tem. Thus , the pattern of its indus tria l deve lopmen t and the 
prospe cts fo r adapting a lternative en ergy source s ,  and for reducing , 
without disruptio n ,  the overa ll f low o f  imported fo s sil fuel energy 
through this urban eco system , are likely to be similar for o ther 
maj or town s , especial ly coa s tal po rts linked to the same hin terland 
by a highway sys tem . I n  th at sense , it is a nticipa ted that options 
iden tified for the e n e rgy future of La e ,  will , to a larg e exten t ,  
be indicative o f  the options availabl e t o  P apua New Guinea a s  a 
whol e .  
The pre s en t  contex t o f  indus tria l and corrane rcia l ene rgy use 
The dis tinc tion betwe en commercia l and ind ustr i a l  ac tivitie s 
ado pted here i s  similar to that adopted elsewhere and forms a 
conven tion for sectoral end use anal ysis ( S RI , 1 9 7 2 ; Newcombe , 1 97 5 ; 
Kalma,  1 9 7 6 ) . Comme rc i a l ac tivitie s are here defined as " who le sale 
and re tail trade , communica tions ,  finance , property , pu blic 
autho rity , defence , amusements , ho te l s  and res taurants" . The 
di f feren ce in thi s analysis is tha t we have separa ted out the 
gove rrune n t  ac tivitie s from the comme rcial sector and we pre s e n t  them 
as a dis tin c t  sector , or ac tivity , in their own righ t .  
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Lae i s  a small industrial centre by globa l sta ndard s .  I t  
has a popul ation o f  45 , 000 people and a growth rate e s timated to be 
5 %  pe r annum , at least 2 %  per annum o f  whi ch i s  attr ibu ted to 
migration f rom the hinter l and ( Bureau of S tati stics , 1 9 7 8 ) . There 
are no more than fifty subs tanti al manufacturing or proce s s ing 
factory ope rations in Lae .  The import depe nden cy o f  Papua New Guinea 
is re flected in the number of importers and whole salers operating 
out o f  Lae - e ighteen in 1 9 7 7/ 7 8 . Many of the indus trial and 
comme rcial activi ties ar e sa l e s  and service operations , such as the 
f i fteen ( 1 5 )  mo to r  and heavy equ ipment dea l ers , and the ten ( 1 0) or 
more road bui l ding contractors bas ed in Lae . 
The comme rc ial secto r  i s  dominated by food reta i l er s ,  
including six ( 6 )  large supermarke t chai ns , and twe lve ( 12 )  busy and 
prosperous fas t food outl ets . 
Al l th e large or medium- s i zed factor ie s ,  who lesale and reta i l  
outle t s ,  financial institutions , pro fess ional service s ,  churche s and 
club s  are owned or operated a lmos t  exclusive l y by Aus tra l i ans , Germans 
and other Europeans . The re is only one ma jor company o f  corporate 
s ta tus whi ch i s  nationa lly own ed and operated : the Namasu Compan y, 
wh ic h ope rate s  who l e sa le and reta i l  out lets and shipp ing and wharf 
fac i l i tie s throughout the coun try . In addi tion , there is a rapid ly 
growing trucking company ( Roadways I nc . ) and a very sma l l  ice block 
manu fac turing company tha t ar e owned and operated by national s with 
expatr iate management support .  At the time of wr iting , only two 
Papua New Gui neans wer e on boards of director s of companies 
operating in Lae . Many large Au stral ian companie s operate whol l y 
owned subsidiaries unde r local name s .  Gen e ral ly,  the technology 
tran s fe r  from Au stra l i a  to these subsidiaries has been made wi thou t 
modi ficatio n  to be tter su it local condi tions;  in part icular , without 
c hanges in the energy source , or the processes of energy manag ement . Whi l e  
Au s tral ia and Papua New Guinea show some pa rall e l s  wi th regard to 
the future avai labi l i ty of l iqu id petro l eum fue l s , the soc ial and 
po l i tical incen tive s  to con serve fuel , and to d eve l op a low- e ne rgy 
in dus tr ial ba se are much greater for Papua New Guinea than for 
Au s tra l ia .  Aus tralia does have globa l l y  si gnif ican t coa l and 
na tural gas reserve s ,  and is expe c ted to produce a proportion o f  
i t s  pe tro leum requirements we ll into th e 1980 ' s .  
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The s tarting point for evaluat ing future scenar ios for energy 
devel opmen t and end use in any country mu st be a thorough and 
detailed unde rstanding of the nature o f  the pre sent pa tterns of 
ene rgy use , and of the coun try ' s  cu ltural and e conomic his tory . 
The Au s tral ian admini s trators and Austral ian industry have largely 
set the forma t for energy use in Papua New Guinean indu stry in 
particular , and for Papua New Guinea ' s town s and citie s in genera l .  
The data which fo llow are there fore a r epre sentation of the end 
product of such interacting cul tura l and economic force s .  
The working hypothes i s  of thi s re search i s  tha t there are 
e conomi cal ly viable alternative ene rgy strateg ies ,  inc luding the 
exploi tation of new ene rgy sour c e s  and new kinds o f  energy management , 
that are much more appropr iate to Papua New Guinea ' s  deve loµnent as an 
independent na tion state than ar e those that are pre sently in use . 
The data bas e 
The s i ze of Lae i s  suc h that every maj o r  activi ty can be 
ob se rved wit hin a re lative ly short period f irs thand by one observer 
and the mana gers of pa rticular coI'!ll\erc ial and industrial a ctiviti es 
can be sought out for personal discus s ion. Because of thi s 
convenient s e tting , an attempt was made to contact and hold open 
ended di scus s ions wi th the manage rs of every ma jor industrial and 
conmercial activi ty . 
Using l i s ts of employers in Lae supplied by the Department 
of Labour and Indus try ( Colin Huddy , pe r s .  comm. 1 9 7 7 )  and updating 
these through observation in the fie ld, contac t  was eventua lly made 
wi th 140 industrial and commercial conc e rns dur ing an eight week 
pe riod . 
A standard set of data requirements was provided by mai l  in 
advance o f  a personal vi sit ( by the author in all cases ) . Thea� data 
"We re e i ther obtained at the first interview or arranged to be 
co llected on another occa s ion . Wherever pos sible the physi cal plant 
in use in the factory wa s in spe cted . Data we re col le cted on the 
fo llowing : 
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( 1 )  energy use dur ing the period July 1976 to June 1 9 7 7 ; 
( 2 )  ene rgy use during the last account ing per iod , e . g .  
one week , one month or one quar ter ;  
( 3 )  seasona l var ia tion in energy use ; 
( 4 )  purpo se for whi ch ene rgy is used ; 
( 5 ) tempe rature of hea ting or cooling proc e s s e s  in 
produc tion ; 
( 6 )  ene rgy conservation prac tices or intentions ; 
( 7 ) was te generation and di spo sal ; 
( 8 )  plan s for future devel opment including changes in 
ene rgy use . 
Onl y  one indu s try , whi ch happens to be only a minor user of 
energy , re fused to co-ope rate wi th the survey .  Most owners o r  
manager s o f  cormnercial or industrial enterprises were both co­
operative and ve ry inte re sted in the nature of the re search,  and in 
many cases alternative patterns of en ergy mana gement we re inve stigated 
as a re sul t o f  the discu s sions . 
With respe ct to data on pe troleum products , a l l  oil companie s ,  
gas supplie r s  and minor agents whi ch distribute the se products to 
industrial and commerc ial consumers suppl ied extensive data on 
imports and exports for the Lae urban ecosystem , wi thin a detailed 
categorisa tion of e nd uses we provided for them . Thi s allowed for 
extensive cro s s  chec king and verif ication . 
S tati s tics on e lectricity consumption that wer e prov ided by 
companies could be so ea sily cross-referenc ed te actual accounts r endered 
by the u ti l i ty.  The Papua New Guinea Electric ity Comm i s s ion doe s 
not operate a da ta recall system on sectoral end use patterns , but 
data we re made avai lable upon requ e st in re spe ct of ma j or ind ividua l 
accounts and every a s s istance wa s given within the cons traints of a 
very l imi ted data retr ieval capacity.  
The price s  pa id for fue ls var ied depending on the s ize of 
the end use con sumer and the energy company they deal t wi th . There 
wa s con s iderabl e compe t i tion by al l the compani e s  for d ist i l l a te ,  
motor spiri t  and kerosene markets , and by sma l l er companie s for 
lique fied pe trol eum ga s markets . However ,  var iations in pr ic e s  
we re marginal , and compe tition tended to b e  created by va riation in 
ar rangements for servic ing cl ients wi th the products , o r ,  in the 
ca se of agents , as s i s tance wi th merchandising . 
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Average price s for the range of energy forms in u s e  by 
industrial and commercial enterpr i s e s  in Lae are provided in Table 14 . 
Thermodynami c  qual i ty 
One important f eature in the data analys i s that is 
attemp ted here which distingui shes th i s  data set from many previous 
attempts at bui lding detailed sectoral end use matrices ( S RI , 1 97 2 ; 
Newcombe , 1 9 7 5A ; Kalma , 1 9 7 6 )  is that considera tion i s  given to 
the thermodynamic qua l i ty of the energy forms in use . Most analyses 
of the f low of energy use in regional or national industria l i s ed 
eco sys tems have attributed equal value to a megaj oule of e lectricity , 
pe troleum , charcoal or solar en ergy . However , the most impor tant 
c ri terion i s  that of " avai l able work" ; a me a sure of the thermodynamic 
quali ty rather than the thermodynamic quantity of the energy form . 
The further the tempe rature from the ambient temperature the greater 
the amount of potentially avai l ab l e  work , whi ch is to say that very 
low and very high temperature heat is much more valuabl e than low 
tempe rature or " low grade" heat ( AIP , 1 9 7 5 ) . Tables of energy use 
provide much more a s s i s tance to energy planning if the fuel type 
in use can be matched with the temperature at which it is use d , and 
compared with the minimum temperature required to perform the task 
in que stion . The p ractical impor tance of identi fying low grade heat 
requirements , as dis tinct from high grade heat requirements , is that 
many high grade heat sourc es of high thermodynamic quality ar e 
essentially was ted on end use s  which can be satis f ied by low grade 
hea t .  For examp l e , water can be heated more e ff i c iently ( in 
thermodynami c terms ) , and usua lly more e conomically by the low 
grade heat of unconcentrated solar radi ation than by el ectric ity . 
Informa tion on thermodynamic qual ity also fac i l i tates a 
better unde rs tanding of the minimum ene rgy required to per form 
spe c i f ic task s and so g ive s the physical upper l imi ts to energy 
con sumption which can be useful ly compar ed with the prevail ing 
economica l ly or culturally bas ed l imit s .  
Neverthe le s s ,  desp i te th i s  recognition o f  the n eed to 
cons ider thermodynamic matching in ene rgy planning , the calcul ations 
of 'minimum energy requirements ' in s e cond law thermodynamic terms 
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TABLE 14 ENERGY PRICES IN PAPUA NEW GUI NEA 1 9 7 7- 1 9 7 8  
Energy form 
Motor spi rit 
Diesel 
Ke rosene 
Lique fied 
petrol eum gas 
Electric ity 
Firewood 
Fue l oi l 
Pyrolyt ic o i l  
and char 
cardboard and 
paper 
Sawdust and 
o f f  cuts 
Bas i s  for cost ing 
- reta i l  
Toea per Megaj oul e  
0 . 60 
- who l esale 
- reta i l  
- wholesale 
- re tail (Lae Trade Store ) 
- retail (Village Trade Store ) 
- wholesale 
- wholesale (bulk)  
- reta i l  ( 5 . 0Kg cyl inder s )  
- retail ( 4 . SKg cyl inder s ) 
- retail ( 2 . 3Kg cy l inders ) 
0 . 5 1 
0 . 4 2 
0 . 35 
0 . 52 
0 . 6 3 
0 . 3 6 
0 . 88 
1 .  58 
1.  98 
3 . 08 
- average dome stic con sumer , Lae 1 . 84 
- common low covenant household , Lae 4 . 63 
- common high covenan t household , Lae 1 . 60 
- average industrial/commerc ial consumer, Ia e  1 .  7 2  
- ave rage maximum demand industrial 
consumer , Lae 
- when sold in Lae and Highland s as about 
2 . 5Kg bundles very dry medium hardwood 
- Lae City Counc i l  Fi rewood Supply Scheme 
- No . 6  bo iler or furnace oil 
- Produc tion costs K32-K4 2/tn . S e l l ing 
Price K54/tn . 
- Preparation , shredding and transport 
1 . 15 
0 . 2 3 
0 . 07 
0 . 2 5 
0 . 1 8 
K3 . 5 0/tn . 1 5 %  m . c .  ( dry basi s )  1 7MJ/Kg 0 . 02 
- Burnt in Dutch oven type grate boi l ers 
K5/tn factory gate , 5 0% m . c . , 1 2 . 5MJ/Kg 0 . 04 
COMPARISON BASED ON COMBUST ION EFF ICIENC IES FOR HEAT OR STEAM RAI S ING 
Combus tion E f f i ci ency Effect ive Price 
Fue l oil 0 . 8 0 0 . 31 
Diesel oil 0 . 85 0 . 41 
Pyrolytic oi l and char 0 . 80 0 . 2 3 
Cardboa rd and co f fee husks 0 . 60 0 . 03 
Wood resi due s 0 . 60 0 . 07 
E l ectric ity - max imum demand tar i f f  0 . 9 5 1 . 2 1 
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( see AI P ,  1 9 7 5 )  have no t been systematically performed for a l l  end­
use s in Lae . To th is extent the evaluations that are made in thi s  
series o f  documen ts o n  en ergy future s for La e  a r e  not exhaustive . 
Indus trial ene rgy use 
Da ta on the end use o f  indus tr ially used ene rgy forms for 
e ach kind of indus trial activity in the Lae urban eco sys tem is 
pre s en ted i n  Tab l e  1 5 .  A s imple summary of th e data is pre sented in 
Figure 6 �  a pie chart o f  ene rgy use by individual ac tivity for the 
re f erence year of 1976 to 197 7 .  
Glass manu fac turing , whi ch occurs i n  only one factory , is 
the largest i ndustrial end use o f  ene rgy - fol lowed by food 
manufacturing and the timbe r  industry . Toge the r the se industr ial 
activities use 73% o f  the energy used in the industrial sec tor . The 
timbe r industry is dominated by one major sawmi ll whi ch ,  qui te apart 
f rom its in ternal en ergy us e ,  is a key indus try in energy terms . We 
shall e laborate upon the reasons for thi s  late r .  
The food manu fac turing indus try i s  sp lit into two maj o r  
categories ; baking and brewing . Baking of bre ad and biscui ts use s 
3 3 % , and brewing of beer use s 4 5 %  o f  energy used 1n the food 
manufactur i ng indus try. A fur ther 6% is used by the soft drink 
indus try . There is cons iderable use o f  low grade hea t at temperatures 
of less than l 00°c in the brewing indus try . Direct solar rad iation 
for pas teuri sing bee r and for bo ttle washing wi ll become attractive 
option s if the present p l ant is expanded . However , alternative fuels 
whi ch are compatible with the existing fue l combus tion equipment in 
breweries in Papua New Gu inea are likely to be i n  economic use ahe ad 
o f  direct solar radiation for most in -plant end use s .  
The bui lding an d  cons truction industry , inc luding earth 
Il¥)Ving , ro ad bui lding , iron and s tee l fabr ication , and bui lding and 
j o inery use s 1 7% of industrial ene rgy use .  About 70% of thi s  energy 
i s  used in road cons truction and maintenance . Thi s indus try wi ll 
remain prominent for th e foreseeab l e  future as roads are pu shed ou t 
towards Fin schaf en in the eas� and the Highl ands Highway and the roads 
to Wau and Bulolo are slowly upgraded and sealed . 
TABLE 15 ENERGY US!! IN THE INDUSTltIAL SECTOR , LAB ,  JULY 1 9 7 6  - 1 9 7 7  (HJ x 10 5 ) 
TOTAL AS LCM GRADE HEAT 
ELECTJU- DISTILLATE PETROL Liqu e •  Fuel Fire- Kero- Other <l. 00°C \ of < 1 5 0°C \ of Total \ of 
CITY Non- Transport Non- Transport fied Oil wood sene ae Total Non- Total Nor.-.Energy I ndustr ia l  
Transport End-Use Transport End-Use Petro l - Speci- Transport Transport Use Energy 
INDUSTRIAL ACTIVITY End-Use 
End-Use eum f ied E nd -Use End-Use Use 
Gas 
Bricks and Concrete 5 . 3 2  1 2 . 4 5  1 4 . 53 8 . 44 1 0 . 5 0 1 . 22 12 . 4 5 4 5  1 2 . 4 5  4 5  52 . 4 6 0 . 8  
G l d f; S  man:.ifacture 
and recycle 144 . 78 1 78 . 86 2 . 0 9 9 . 95 14 . 06 1 2 0 . 88 1834 . 2 7 2 30 5 .  69 3 5 .  0 
Chemicals (inc l . 
Paints , Soap) 2 5 . 00 92 . 8 2 5 . 3 6  - 17 . 44 5 1 . 3 1  4 4  51 . 3 1 44 1 4 0 .  62 2 . 1 
T.i.rnbe::: 103 . 7 7  5 5 3  . 44 248 . 64 - 93 . 3 3  2 4 9 . 88 3 95 . 17 50 395 . 1 7  50 1 24 9 . 06 1 9 . 0 
Food Manufacturing 
and l'roc-essing Coffee 
( not i nc J  .. Pr imary Husks 
I ndustry) 266 . 00 446 . 29 1 4 . 97 - 7 1 .  75 1 3 .  79 3 94 . 74 1 0 . 4 2 1 3 . 2 1  28 . 8 9  4 3 1 . 3 8  3 8  491 . 9 3  4 4  1260 . 06 1 9 . l 
I ron and S t eel 
Fabrj cation 69 . 58 4 0 . 3 4 1 5 . 3 9 13 . 0  24 . 1 0 5 .  7 2  1 . 1 2 169 . 2 5  2 .  6 
B• l i ld i ng and 
Joinery 1 6 . 08 8 . 1 0 81 . 59 - 59 . 58 16 5 . 3 5  2 . 5  °' Cl'.) 
v::.astics 7 . 60 2 . 02 1 . 3 1 1 . 3 1  1 5  1 . 3 1 1 5  1 0 . 93 0 . 2  
Paper , Cardboard 
and Print ing 11 . 3 9 3 9 . 3 8 4 . 3 8 23 . 7 3  3 .  4 2  4 2 .  8 0  7 6  fl 7 .  3 0  l.  3 
Motor Vehicles and 
Equipment ( i nc l . 
Sales compon en t s )  72 . 7 1  2 5  . .:. �  1 2 2 . 5 5  22 0 . 4 0 3 . 3  
Earth-Moving , Road 
Bui lding 1 0 . 57 71 6 .  08 4 4 . 65 77 1 . 3 0  1 1 . i 
E l ec tri cal Eng in-
eer ing , Appl iances 14 . 69 6 5 . 48 l .  7 1  81 . 88 l. /. 
Plu.-nbing 3 . 2 8 1 3 .  70 4 . 5 6 2 1 .  54 0 . 3  
Rubber (Tyre 
Proc e s s i ng )  1 7  . 28 24 . 91 9 . 93 2 4 . 91 5 9  5 2  . 1 2 0 . 9  
TOTAL 768 . 05 139 6 . 59 1 1 4 2 . 6 7 3 1 . 3 9 563 . 68  148 . 05 2 2 2 9 . 01 2 60 . 3 0 1 4 . 3 3 28 . 8 9  891 .  62 ( 1 9 � )  1 1119 . 88 ( 2 1 \ )  6 58 2 . 96 lOJ . l  
\ u s e  o f  energy 
form inc . 
Transport 1 1 .  7 2 1 . 2 1 7 .  4 0 . 5 8 . 6  2 . 2  3 3 . 9  4 . 0  0 . 2 0 . 4  ( = 1 00 . 1 )  (Non-transport end-use = 48 7 6 .  6 1 )  
\ u se o f  energy 
form excluding 
Transport 1 5 .  8 28 . 6  0 . 6  3 . 0  4 5 . 8  5 .  3 0 . 3 0 . 6  ( = 10 0 .  0 )  
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paper/ca rdboa rd/p r i n t ing ( 2 . 0 ) 
p l a s t i c s 
mo tor veh i c l e s/ equipment s a l e s  ( 3 .
·
9 )  
bui ld i ng 
and j o i ne ry ( 2 . 5 ) 
iron and s t e e  
f abr i c at ion 
( 2 . 6 )  
food manu facturing 
and proce s s i n g  ( no t  
i nc l ud i ng p r imary 
produc t i on ) ( 1 8 . 2 ) 
t imbe r  ( 1 9 . 2 ) 
c hemi c a l s/ so ap s/pa ints 
( 2 . 2 ) 
e a rth movin g/ 
road bui l d i n g  
( 1 1 .  8 )  
g l a s s  manufacture 
and recyc le ( 3 4 . 4 ) 
electrical eng i ne e r i ng, 
plumb ing (O . 3 )  appliances (1 . 3 )  
rubbe r t y r e  proc e s s i ng ( O  . 8 ) 
b r i ck s /con c r e te (0 . 2) 
F i gure 6 I n du s tr i a l  S e c to r : Ene rgy U s e ( % )  by Acti vi ty 
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The energy forms currently used in industry are indicated 
in Table 15 , and can be more readily appreciated from Figure 7 . 
Fuel oil provides the largest share of energy for industry and its 
use is split about four-fifths and one-fifth between furnace oil 
for glass making and boiler fuel for the brewery re spect ively.  
Twenty-nine per cent of energy used in industry i s  in the form of 
distillate of which 80\ is used in boilers and 13\ is used as direct 
heating in the annealing process in glass manufacture .  
Electricity use i n  industry is 60\ o f  total industrial energy 
use .  Most electric ity is used in motors ,  driving saws in sawmills and 
j oinerie s ,  conveying machinery in beverage production line s ,  bakeries 
and for process ing flour , coffee and small goods . It is estimated , 
from first hand knowledge of each industry , that electr icity i s  
divided into that used for work functions requiring thermo-dynamically 
high quality energy for driving motors ( 80-85\) and that used for low 
grade heating and cool ing end use s ( 15-20\) . For example , 51\ of 
electricity used in brewing in Lae is for cooling in beer processing 
and storage . All other fuels are currently of minor importance to 
industry.  Almost all firewood i s  used by the sawmi ll for generating 
steam for process ing plywood and cur ing timber and over 80\ of the 
liquefied petrolewn gas is used in the glass annealing proces s .  
Low grade heat requirements 
The requirements for low grade heat , of firstly less than 
l00°c and secondly less than 1S0°c ,  are , as a proportion of total 
industrial energy use , 18\ and 21\ respectively. Low grade heat is 
provided by low pres sure steam generation or through combustion of 
fuels for direct heat transfer . In all instance s of low grade heat 
requirements for hot water or direct heat , it is technically feasible 
to completely satisfy demands with direct solar radiation , although 
this may not be the most economic alternative fuel for the se purposes . 
The use of ele ctri ci ty for heating and cool ing purposes which require 
only low grade heat sources adds a further 3\ to 18\ of total energy 
use to the energy bill . It is obvious that these data are indicative 
of the maximwn possible replacement of high grade by low grade heat 
distillate 
( 32 . 8 ) 
-;; ] 
fuel oil (43 . 2 ,  
electricity 
(14 . 9 )  
firewo:rl 
( 5 . 0 )  
Fi gure 7 Indus trial Se ctor : Energy Use ( % )  by Fue l Type 
{ Tran sport component omi tted) 
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sources , and not of actual potential for making thi s substitution . 
For example , one of the most thermodynamically appropriate sources 
of low grade heat is solar radiation , but for both technical and 
cl imatic reasons no more than 75%  of the industrial low grade heat 
requirements could be met by direct solar radiation even if it were 
the mos t  economic of the available energy sources . The question of 
alternative source s of energy will be discussed in detail in a later 
section . 
Energy use in the commercial sector 
Of the total extrasomatic energy use in the Lae urban 
ecosystem ,  2 6 %  is used in the indus trial sector whereas j us t  2 %  is 
used by the commercial sector . It is worth reiterating though , 
that in the calculation of these proportion s ,  transport energy use 
is  counted in the transport sector , thus the energy used in the 
regular distribution of goods and services to and from factor ies , or 
within factories and commercial enterprises , does not enter the 
industrial and commercial accounting . 
Table 16 presents a detailed analysis of energy use in the 
commercial sector , and the proportion of energy use in each connnercial 
activity is clearly dem::>nstrated in Figure B. 
There is no dominant activity in terms of e nergy use . 
However , several of the most energy intensive activities are of 
cri tical importance to the stability of the urban ecosystem . The se 
include the activi ties of food marketing and distribution , the energy 
suppliers , wholesale traders ,  supermarkets and retail stores .  Each 
of these use between 9\ and 1 3% of the total energy use wi thin the 
commercial sector . Supermarkets in Lae are very substantially food 
outlets , wi th only minor stocks of consumer durable s .  Hotels , motels 
and gue st houses also use about 10\ of energy use in the commercial 
sector . Reclassi fying these commercial activities into those dealing 
substantial ly with food supply and retailing , the distribution and 
retailing of other goods and servi ce s ,  religion , recreation , professional 
service s and educat ion , then the pat:Ern of energy use is simpli fied to : 
food related services 3 5 \  
other goods and services ( shops , cleaning) 4 3 \  
Tab le 16 ENERGY USE IN 'niE COMMERCIAL SECTOR, LAE ,  JULY 1 9 76 - JUNE 1977 ( MJ  x 10 5 ) 
Comme rc i a l  E lectri ci ty D i s t i l late Petrol Lique f i ed Kerosene Other Total as low Total i of 
Activity Non- Trans- Trans- Non- Pe troleum 9:rade heat Energy Conunerci a l  
Transport po r t  port Trans- Gas < l 0 0°C < 1 50°c Use Energy Use port Solar 
Hote l s , Mote ls 
and Guesthouses 6 1 . 55 8 .  30 0 . 8 1 16 . 2 3  0 .  34 2 8 . 06 2 8 . 06 8 7 . 2 3 10 . 4  
Restaurants 6 . 89 0 . 98 12 . 80 3 . 4 5 3 . 4 5 20 . 6 7  2 . 6  
Mi lk Bars , Food Bars 12 . 1 2 10 . 78 1 4 . 10 3 . 0 3 3 . 0 3  3 7  . 00 4 . 6  
Food Marketing 
and d i s tribu ti on 2 4 .  30 26 . 1 3 44 . 6 5 1 0 . 01 10 . 0 1  105 . 09 1 2 .  8 
Supermarkets 4 5 . 2 3 1 1 . 86 10 . 68 0. 82 3 3 . 9 2 68 . 59 8 . 4  
Large Re tai l Stores 3 3 .  74 20 . 1 7 2 1 . 85 75 . 76 9 .  2 
Sma l l  Re tai l Stores 9 . 0 7 9 . 0 7  1 . 1  
Trade Stores 1 2 .  3 0  1 2 .  30 1 .  5 
Businesses (e . g .  
Lawye rs , I n s u rance ) 5 . 10 5 . 10 0 . 6  
Who le s a l e  Traders 1 7 . 09 19 . 0 4 59 . 3 1  5 5 . 4 4 1 1 . 6  -...I 
Ene rgy Supply (Petroleum w 
Product s ,  E l e ct r i ci ty) 4 2 . 0 2 2 6 .  79 3 5 . 62 104 . 4 3  1 2 .  7 
Banks 1 1 . 80 8 . 6 5 16 . 52 36 . 9 7 4 .  5 
Churche s ,  Mi s s i on s  3 . 0  4 . 98 2 . 64 10 . 62 1. 3 
C l ubs 8. 3 3 . 46 3 . 06 0 . 6 3 1 5 . 4 5  1 . 9  
Recre a t ion , Amusements 
(e.g. 'nleatrcs , Sporting 
Faci l i t i e s )  7 . 9  7 . 90 1 . 0  
Trave l ( S ales components) 9 . 65 9 . 6 5 1 .  2 
Education 
- Un i ve rs i ty 54 . 80 26 . 31 8 1 . 1 1 9. 9 
- Lae Tech. College 7 . 9 1  7 . 9 1  1 . 0  
- Private Schools 4 . 00 4 . 00 o. 5 
- Government Schools 5 .  30 5. JO 0 . 6  
Laundry , Ory- c le an in g  0 . 6 1 20 . 76 1 . 56 2 0 .  76 20 . 76 22 . 9 3  2 . R  
TOTAL 382 . 6 8 2 9 . 06 1 2 1 . 08 2 34 . 7 7 1 0 . 0 1  4 4 . 5 8 0. 34 50 . 30 94 . 2 3 8 2 2 . 5 2 100 . 20 
40 . 6  ) .  5 1 4 . 7 2 8 . 6  1 . 2  5 .  3 9 9 . 90 
minus tran sport 
( 4 66 .  7 6 )  8 2 . 0  6 .  2 2 . 1  9 . 6  0 . 1 100 . 00 
small retail 
stores ( 1 . 1 )  
trade store 
supermarkets 
( 8 . 4 )  
large retail 
stores 
( 9 . 2 )  
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food marketing 
and distr ibution 
( 1 2 . 8 ) 
milkbars/f oodbars 
hotels/motels/ 
guesthouses 
(4 . 6 ) 
restaurants 
( 2 . 6 ) 
c i . s> c=
======������F:::::=-raunar�ryc'.Ieai�rl 
businP.ss 
( 0 . 6 ) 
wholesale traders  
( 11 . 6 ) 
utilities 
( 1 2 . 7 )  
ravel ( 1 .  2 )  
Fi gure 8 CoinIOO rci a l  S ector : Ene rgy Use ( % )  b y  Activi ty . 
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recreation ( c lubs , theatr e s )  3 %  
relig ion 1 %  
education ( universitie s , col leges , schoo l s )  1 2 %  
pro fessional services ( doctors , lawyers , accountants , 
financ e )  6% 
I n  the food re lated service s energy is used for refrigeration , 
cool storage , cooking , l ighting and water heating . Excluding air 
conditioning , at least 2 0% o f  the energy demand in food-rel ated 
activi ty i s  for low grade he at at temperatures le ss than 1 S 0°c ,  as 
indeed it is for the commercial se ctor as a whole . 
The data gathered on pattern s of energy use in each c ommercial 
activity include the number s  and kinds of air cond itioners and the ir 
times of operation . Thi s allows a rough e stimate to be made of the 
ene rgy used for air conditioning , othe r  than for refrigeration . This 
estimate is 1 2 0  x l 05MJ ,  or 2 5% of tota l  commercial energy use . This 
e s timate , plus the low grade heat demand e stimate s for refrigeration 
and water heat ing , indicate that there are sub stantial opportunities 
for uti li sing direct solar radiation for cool ing and water heating 
in the conunercial sector , given appropriate economi c incentive s .  
I t  i s  obvious from Table l6 and from F igur e  9 , that e l ec tr i c ity 
is the ma j or form in which energy is used in the commercial sector and 
its common end use s have been described above . Hotel s  and laundries 
use dis tillate to f ire boi lers for low pre ssure steam for cleaning 
l inen , and LPG i s  used by fast food outle ts for cooking , and in the 
case o f  one hotel ,  fo r heating water . LPG and distil late combined 
compri se s  16% of the energy use in the commercial sector . 
Renewabl e  energy source s in the Lae economy 
As one of the obj ec tives of thi s re search is to identify 
renewable and local ly avai labl e energy sources whi ch are not now 
exploited , but which pre sent like ly options for deve lopment in the 
fore seeable future , it is first worth c lari fying the role whi ch 
renewable energy source s now pl ay in the industrial and commercial 
sector of Lae . 
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electricity ( 82 . 0 ) 
istillat 
( 6 . 2 ) 
l . p . g .  ( 9 . 6 )  
Figure 9 Commercial S e c tor : Energy Use ( % )  by Fue l Type 
( transport component omi tted) 
7 7  
In recent years electric ity generation for the city o f  Lae 
has been switched from diese l  generators to hydroelectr icity from 
the Ramu River hydro-power development . Now , all but emergency back 
up power i s  hydro-electricity and , as such,  it is a renewable energy 
source . Apart from muscle power , the only other important sources 
of renewable energy pr esently in use are firewood and coffee husks 
( see below) . 
Renewable energy sources , nevertheless , require careful 
management to ensure the renewable characteristics of the ir source. 
For example , poor regard for water catclunent areas behind the 
hydJ::o-p::>wer head water system can lead to siltation and rapid depletion 
of the power generating potential . S imilarly,  firewood cropping of 
forest resources must be carefully planned and managed in order to 
sustain high yields over many decade s .  
There i s  only one instance o f  direct solar radiation be ing 
used by a commercial or industrial enterprise in Lae and only two 
instances where waste materials , ( coffee husks in fact) are used as 
fuel , although the firewood in use at South Pacific Timbers i s  
otherwise regarded a s  a waste material . 
For industry , the se renewable resources contribute 2 2 %  of 
total energy use ; this figure being comprised of 7 3 %  from electricity , 
2 5 %  from firewood and 2% from coffee husks . In the commercial sector 
renewable energy sources contribute about 82%  to total energy use , with 
all but 0. 1 %  of this - the solar radiation portion - being hydro­
electr icity. 
It  i s  obvious that the mere existence of renewable energy 
forms is not the only determinant of whether or not they will be 
exploited . There are many renewable sources whose characteristics 
are such that the energy costs of trapping them are greater than the 
energy they supply - or that the technological and soc ial circumstances 
are such that the ir exploitation is prohibitively costly in economic or 
social terms . Even though Papua New Guinea holds vast hydro-power 
potential - the third large st in the world - the cost of hydro-power 
already exploi ted there is many time s the cost per unit of energy 
del ivered from hydro-power s ite s in New South Wales and Tasmania in 
Australia, and it may wel l  eventuate, that in some circumstances , other 
renewable sources of electricity , and even other forms of energy , will 
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be more economic and more appropriate for national development than 
is hydro-electricity . In the following section some of the options 
identified by this research for the development of alternative energy 
sources for Lae , and potentially for other reg ions of Papua New Guinea , 
are pre sented . 
Alternative sources of energy for industry and conunerce 
During the course of fieldwork and of the data analysis , the 
options for the developnent of renewable , locally available energy 
sources have become clear and have been placed in the perspective 
of current and anticipated energy use patterns in the industrial and 
conunercial sectors .  Alternative energy sources wil l  be discussed in 
terms of near term - viable now or within three years , medium term -
becoming viable between 1980 and 1990 , and long term - becoming 
viable in the 1990 ' s .  Of course , the allocation of potential energy 
sources to each of the se categories is partly by subj ective judgement 
and will be defended in each instance . To refer to energy sources 
as " viable" in this context is to infer that they wi ll be economically 
competitive or socially desirable even if economically marginal and 
that development and distribution can occur with substantially Papua 
New Guinean equity and expertise . 
Energy from wastes  
wastes are an important source of alternative energy forms . 
They lead into a discus sion of energy conversion technologies which 
have wider application than just the transformation of wastes into 
high quality energy sources . During the in-depth survey of industry , 
data were compiled on the wastes generated by industrial processes . 
These data will  be presented in full in another report in this 
series , however those wastes which can be converted to energy , or can 
themselve s be combus ted as an energy source wi ll be discussed here . 
Table 17 lists these wastes in relation to their origin and status for 
future availability .  The di scussion of the use of these wastes 
proceeds from the minor to the major sources . 
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TABLE 17 AVAI LABLE WASTES W ITH ENERGY POTENT IAL GENERATED 
BY INDUSTRY IN LAE URBAN AREA , 1 97 6/ 7 7  
Waste 
Sawdus t ,  shavings and 
wood of fcuts l e s s  than 
l "  diameter 
Wood o f f  cut s  large r 
than l "  diameter 
Paper tr immings 
Cardboard 
Co ffee husks 
Tyres 
Was te oil 
Or i g i n  and amoun t s  ( tonnes ) 
1 7 , 900 Sawmi ll 
1 , 2 0 0  Jo iner i e s  
3 3 , 40 0  Sawmi l l  
1 , 800 Jo iner i e s  
I ndustr i a l  s i tes 
70 2 Printers 
1 , 000 Package make r s  
Bot t le recyc ler 
175 2 Co ffee m i l l s  
4 3 0  2 Tyre compan ie s 
S erv ice sta t ions 
7 2 0  S ervice stat ions 
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Coffee husks 
Up until three years ago , coffee mills in Lae used distillate 
burners to provide low grade heat to roast green coffee bean s .  At 
that time the cost of distillate to dry the 2 , 5 00 tonnes of coffee 
reaching the Lae market was of the order of K6 , 3 00 and increasing 
rapidly . Enterprising managers investigated and ultimately installed 
simple , small furnaces to burn coffee husks . Of the green coffee 
beans which have between 18\ and 2 5\ moisture conten t ,  it can be 
anticipated that about 12 . 5\ by weight will be thin and dry husk s .  The 
husks were blown into the furnace at a constant rate , with the heat 
so generated being directed to the roasting chambers in the same 
manner as with the heat from the distillate . With the capital cost 
of these furnaces at less than Kl0 , 000 , and with the relegation of 
the distillate used in the initial fi ring of coffee husks , the costs 
are able to be recovered within a two year period and a difficult 
problem of waste disposal is partially solved . Currently , about half 
of the 350 tonnes of coffee husks are burnt to provide heat for coffee 
processing and the remainder are available for other end uses in 
Lae for the cost of their transport. The economic saving to the 
coffee mills is approximately Kll , 000 ( Kl = A$1 . 25 ;  US $1 . 42 )  and the 
fuel saving is about 76 , 000 litres of distillate ( 19 x l0
5
MJ) per annum . 
This small local development in waste recycling has provided local 
experience in the use of such waste materials for direct heating or 
s team rai sing and in the local contruction and maintenance of simple 
conversion equipment .  This technology is similar to that which can 
utilise shredded paper and cardboard as a source of low grade heat 
either directl y ,  or as a boiler fuel . 
cardboard and paper 
Packaging and printing factories in Lae generate 3 2 0  
tonnes o f  dry offcuts and trirrunings each year , all o f  which are 
dumped or burnt on site as a means of disposal . Two hundred and 
fifty tonnes of this waste is dry cardboard from the manufacture of 
cardboard con tainers . The energy value of this cardboard is rated 
at 17 . 5MJ per Kg . Thus its total energy potential is about 
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5 44 x 1 0  MJ ,  which j ust exceed s the energy value of the di stil late 
used to rai se steam to cure and proce ss the cardboard in the factories . 
The cardboard manufacturing company has ser ious diff icul tie s  in 
dispos ing of the accumul at ing waste , which now fil l s  the ava ilable 
space on site to overflowing . Di sposal costs in terms of labour , 
transpor t  and dumping fee s are undoubtedly of the order of several 
thousand kina . I f  the f ir ing chamber of the boilers were altered 
to burn the shredded cardboard ,  wi th a sma l l  amount o f  distillate 
to fire the material , and blowers and shredders wer e  in stalled , then 
the cardboard could replace 95% of the distil late now used , s aving 
42 x 10
5
MJ .  The costs are anticipated to b e  simi l ar t o  tho se 
experien ced in the convers ion of heaters used in the coffee industry 
to take coffee husk feedstock . S imi larly , a local package printing 
company dries its product with low grade heat provided by the combustion 
of l ique fied petrol eum gas , a high qual ity energy source . The demand 
for LPG for this end use by the company has trebled within 18 months , 
and now i s  7 tonne s per annum . The paper trimming s gener ated by the 
operation amount to 40 tonnes per annum , wi th almost double the energy 
value of the LPG . Again , the use of s imple shredd ing , controlled 
feeding and modi fied combustion commitment equipment could mean a 
cost e f fe ctive re covery of the energy in the paper wastes . After 
early discus sions with the managemen t o f  the company concerned , 
an internal assessment was made and now the company wil l  be installing 
equipment to utilise paper wastes when their new , enlarged pr emises 
are construc ted in the near future . The anticipated energy savings 
5 are 3 . 5  x 1 0  MJ ,  which ,  although small , wil l  create another mode l for 
industry to follow in the utilisation of similar was te products 
generated e ls ewhere . 
A further 7 5 0  tonn e s  per annum of dry cardboard waste , in 
the form of used beer cartons , are ba led , transported to the city ' s  
landfill site , and bur ied . The di sposal co sts are about K7 , 5 00 , and 
the energy value of thi s material is 1 3 2  x l 05MJ or 314 tonne s of fue l 
oil equivalen t . As much as 8 5 t  of this ene rgy is re coverabl e by pyrolysis ,  
or it can be burnt directly as a source of low grade heat with about 
7 5 %  of the e f f iciency o f  die s e l  or fue l oil . This latter option might 
appear the most attractive because th e ef fec tive price of cardboard and 
paper waste e nergy is at least 10 time s less than fuel oil and diesel 
oil . However the initial capital cost of the combu stion equipment to 
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burn these wa stes ( e . g .  Dutch ovens , pelletiser s/ovens/fluidised bed s )  
i s  often prohibi tive becau se i t  involve s a total replacement of oil- fired 
systems and a much large r area for combustion , fuel storage , hand ling and 
preparation . Hidden costs related to the latter and an unattractive 
return in the 3 - 5  year periods which industry usually views its 
investments . 
Waste Oil 
Sump oil from mechanical workshops and service stations is 
currently discarded . This oil is commonly fil tered and re-re fined as a 
boiler fue l  in parts of Austra l ia and New Zealand . Provided simple wel l ­
made equipment can be found , a local recycl ing industry could provide a 
minimum of 8 0  x 1 0
5
MJ equivalent of boiler fue ls for indus try by 1 97 9  
and at least 200 x 1 0
5
MJ b y  the early 1 98 0 ' s .  Cons ideration i s  being 
given to the recyc ling of lubricating oil in New South Wal e s  in Austral ia 
where it is estimated that 50 megal itres of this oil are recoverable each 
year . The mo st important barrier to the direc t inc ineration of this oil 
i s  the emission of lead derived from the l ead contained in petro l . In . 
1 978 the New South Wales Government bel ieved that lead pollution would 
fall to acceptable leve l s  when the propo sed reduc tion to 0 . 4  grams of 
lead/litre too� place , and that the collec tion and re-refining of 
lubricating oils for blending with fuel oil will become economic when 
Australia cdopted world parity pric ing for indigenou s crude oil (P . Landa , 
Minister for Planning and Environment , New South Wales , pers . comm . 1 978 ) . 
It is now ( 1 98 0 )  c lear that the re-use of lubricating oil s  as an energy 
form in Papua New Guinea is an inunediate option , for re search on the 
availabil i ty of the product and industries ' interest in its use for the 
Department of Minerals and Energy has revealed that several companies in 
Lae are ins tall ing systems for the ir combustion . 
Exper iments conducted by the Bureau of Mine s , United States 
Department of Interior (Wolfson et al , 1 96 9 )  have shown that the energy 
recoverabl e  from the destruc tive disti llation of tyre s is technically 
feasibl e , al though I am unaware of the avai labil ity of an economically 
competitive process for the extrac tion of oil and gas from truck and 
car tyres . The yield of energy produ cts from des truc tive distil lation 
is temperature dependant , but wi th an initial temperature o f  s oo0c ,  one 
tonne of truck tyres may be expec ted to yield about SOKg of oil and 
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1 4 0  cubic metre s of gas . Including all tyres that are avail abl e for 
conversion in Lae , the energy yield would be roughly 9 x 1 05MJ for oil 
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and 2 5  x 1 0  MJ for gas . The pyrolysis of tyres may be marginal at the 
present time but d irect combustion i s  probably economic . Boil er s  are 
availabl e now from Japan which are de signed to take a whole tyre in 
their combus tion chamber and to burn it completely without pol lution . 
Sawmill Wastes and Forest Res idues 
These materials represent the most important alternative energy 
source both loca l ly and national ly . Their conversion to useful energy 
can take several forms , includ ing d irect combu stion as f irewood , 
controlled combus tion of sawdu st to yield offgas , carbonisation to 
charcoal , or pyro lytic conver sion to oil char and gas . 
( a )  Direc t combustion 
Decade s  ago , modified Dutch ovens were designed and u sed in Africa 
for the wet sawdust and agr icultural re sidues such as co ffee hu sks 
(EAI RB , 1 94 5 ) . These designs are suitabl e for direct heating 
requirements or steam rai sing in rural areas in Papua New Guinea 
where there is an abundant supply of sui tabl e  l ignocellulosic 1 
materials c lose to the po int of industrial demand . Similarly , it 
ha s long be en a common practice on the We st Coast of the Uni ted States 
to heat sawdu st in a pr imary combustion chamber under controll ed 
conditions and to burn the offgas in a secondary chamber , d irec ting 
the heat to indu s trial end-uses ( Panshan , et al , 1 962 ) . However , 
the economic viabil ity of sawdust combu stion is greatly influenced 
by transport costs , for moving moist , as rece ived , sawdu st feedstock 
any distance is usua l ly not economic . Even in urban Lae , the energy 
losses from burning wet sawdust , and the cost of the water -wall 
boilers that would l ikely be u til ised make s direct use of sawdus t  
economically dubiou s i n  compari son with pyrolysis of thi s fuel to 
more convenient energy forms , e spec ially if the sawdust or shaving s 
are not produced on- site . The al ternatives of drying the sawdust 
for use in more compact combu stion sys tems such as f luidised bed s , 
or pell eti s ing it require both additional and expensive technology , 
and a sourc e of cheap hea t .  Such sys tems are often energe tically 
and economic ally sel f-defeating . 
1 Any plant material s which are combu stible . 
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During the 1 970 ' s  many ef fic ient , easily managed , low maintenance 
boiler sys tems or hea t  exchange systems , have been developed and are 
be ing marketed . They warrant close attention from any indu stry with 
substantial energy requirements ,  including el ectr ic ity , and their own 
l ignocellulosic waste materials ( s ee , for example , AFIJ , 1 974 , 1 97 5 , 
1 97 6 , 1976A and B ) . The potential is great for total integrated 
energy sys tems with on- site generation of electric i ty and steam or 
low grade heat recovery , where previously disti llate or fue l  oil was 
burnt to raise steam d irec tly , electic ity was imported to the s ite , 
and wood or other c ombu s tible waste s  were d i sc arded or burn t  purely 
for d isposal .  A timber products company in Lae ( Pac i f ic Timber 
Produc ts ) evaluated such an integrated system as economically 
feasible during 1 97 7  and wil l  install combined elec tr ic ity generating 
and steam kiln drying equipment during 1 97 8- 1 9 80 . Thi s  equipment wi ll 
util ise most of the 1 1 00 tonnes o f  wood waste produced annual ly and 
generate a l l  but a few perc ent of the 1 04 x 1 0
5
MJ of electric ity now 
imported . The conventional approach to the generation of el ectric ity 
us ing woodwaste s  i s  direct combu stion fir ing steam-boil er s  coupl ed 
with turbo-generator s .  Whil e  entir ely feasible , the proc es s i s  an 
extremely c apital intensive route , and , as we wi l l  show later , u sually 
cannot compete with the flexibility of an integrated he at and 
elec tric ity generating system with pyrolytic conversion as the bas ic 
technology . 
Again the trade-off that has to be made is between the much 
greater c ap ital costs of equipment for combustion of wood residues , 
and the mor e  dif ficult and expensiv e  transportation and handl ing and 
storage probl ems , against the much cheaper energy from this sourc e .  
As Table 1 indicate s , wood residues were e ffec tively 4 . 5  and 6 t ime s 
cheaper than fuel oil and diesel oil respec tivel y  in 1 977 . As 
indu stry now uses combu stion equipment which is unabl e to burn wood 
residue s ,  but which is capable of modi f ica tion to burn pyro lytic 
fuels { see l ater ) , this is s trateg ical ly the bes t immed iate option . 
In the longer term , however ,  the d irec t combus tion of wood r e s idues 
mus t  be a ser ious competitor with any fuel der ived from them , and 
only sensi t ive analysis of the economic circumstances of each proposal 
will determine the be st option . 
P late 1 .  Voco S awmi l l ,  Lae . Here some 5 0 , 00 0  ton s of wood waste are burnt annua l ly .  
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( b )  Carbonisation 
Wood can be upgraded as fuel by carbonis ing it to produce charcoal . 
The advantage of charcoal is that is is a smokeless fuel easily 
pulveri sed to form a fuel oil -char mixture , or gasified , for use in 
conventional oil - fired boil ers . It is 3 0% by weight , and 50%  by 
vo lume , of dry wood per unit energy , making transportation much more 
economic than wood . 
Charcoal is in many ways an ideal fuel for industry in Papua New 
Guinea . I t  is currently in use in the tea industry in the Wes tern 
Highland s , though in fairly unique circums tance s ,  in that i t  is used 
as a supplement to firewood in order to keep up temperature s  in a 
poorly des igned combus tion/heat exchange system . I ts potential l ies 
with the d iver sity of viabl e forms of end -use it presents . It can 
be burnt direc tly in standard solid fuel combustion chamber s or in 
fluid ised bed systems . It can be fired as a pulver ized fuel in 
conventional powered fue l  fir ing sys tems which have either been 
install ed as such , or retrofi tted to su i t . Finally it can be used 
as the feed s tock in gasification sys tems which again are ei ther 
attached as retrofits to the front of conventional package oil 
fired boilers or installed in combustion systems des igned from the 
start for gasif ication . Onl y the gasi fication technology is new , at 
least as applied to modification of package oil boilers , though 
gasif ication units are available off-the -shel f from Cleaver Brooks , 
U . S . A .  for retrofitting the ir own oil fir ed boilers for use with 
solid fuels such as charcoa l or pelletized wood was te . 
A great deal of research and evaluation is now being appl ied to 
charcoal produc tion technology suitable for Papua New Gu inean 
conditions { Harris , 1 97 9 ) . This work , funded by the Depar tment of 
Mineral s  and Energy , and conducted in as soc iation with the Forest 
Produc ts Research Centre , is focu sing on scaled up versions of the 
so-called West-Indian retort which ha s only been reported to date 
as a small -hold er technology ( Chandler , no date ) . Thi s sys tem 
of fers the advantage s  of short carboni sation cycl es , usually less 
than 8 hour s , ef fic iencies of 2 0-3 0% ( charcoal as % by weight of 
oven dry weight of charge plus f irewood ) , high fixed carbon in the 
charcoal , and very simple management . No data were previously 
ava ilable on yield s , and management overhead s for labour and fuel­
stock prepara tion , and the longevity of the se retorts is ye t to be 
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es tablished for each variation we now have under trial . In addition 
to thi s  work on retorts a missionary organisatio n, AID, is abou t to 
test a Ugandan Mark IV steel kiln in the highlands of Papua New 
Guinea and the Depa rtment o f  Mineral s and En ergy is examininq the 
pote ntia l of the Mis s ouri kiln in the U. S . A. ,  and the B razilian bee­
hive ki ln for large-s cale produc tion sys tems ( see Newcombe e t  al, 1980 ) . 
It is now c lear that charcoal is a significant near term fuel 
both for local indus trial use, in rura l and urban ar eas, and for 
export as an expedience to es tablish large scale produc tion to be 
direc ted later to local con sumption . Within urban Lae , however, 
as with other urban centres with ma j or sawmill wa ste s ,  charcoal 
production cannot compete with low temperature pyrolysis . Pyrolysis 
can yield 85% o f  the energy o f  the input feed as useful products 
compared with 4 0 -50% when charcoal is the sole produc t .  
Pyrolyt ic Conver sion o f  Sawmil l ,  Fores try and Crop Re sidues 
Pyrol ysis is the thermal degradation o f  a lignoc ellulo sic 
ma ter i al in to s impler carbon compounds of oil s ,  charcoal and gas . The 
oil s are refe rred to by people with long experience in wood dis til lation 
as pyrol igneous acids, or soups ( Levy, 1 9 7 7 , Harris , 1 9 7 8 ) . I n the 
j argon of the worke rs assoc iated with the new versions of low temperature 
pyrolysis dealt with here the same compounds are re ferred to as pyro lytic 
o i l s ,  as they do behave in many ways s imilar to No . 6  Fuel oi l ,  and the 
nomenc lature is meaningful in terms o f  their i ntended end-uses as  a 
subs titu te for fuel oil  and l ighter die s e l  oil s . 
The charcoal fracti on is re ferred to as char, ba sically because 
it is produced in the form o f  fine charcoal . I t  could equal ly we ll be 
refer red to as 'charcoal br eeze ' ,  the term for 'fine s '  or finely divided 
charcoal in the charcoal trade . 
The gases are low BTU gases ( about 1 5 0  BTU/cu . f t } , and usually 
mu st be used at the s i te o f  product ion due to the poor economics of 
storage . 
Pyrolysis is not a new proce ss but is fundamentally the nature 
of change s which take plac e when materia l s  are heated in an a i r - s tarved 
enviro nment. The variations po ssible are very many in the way the 
process is managed and the nature of the f eedstocks and the form and 
se lec tive proportion of the end produc ts . Recent revie ws of the pro cess 
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under commerc ial deve lopment are provided by Tatom ( 1 978 ) , Cou sins 
( 1 976 ) and Klein ( 1 98 0 )  . 
The form o f  pyrolys i s  proposed for application in Papua New 
Guinea (Newcombe , 1 9 7 8 ) , and now under deve lopment at the pilot re search 
stage , and the first pha se of commercial appl ication , is the low­
temperature pyrolytic convers ion me thod sophisticated by Georgia Tech , 
and the U . S . lic ensee of the process Techair , and the developer ,  
Amer ican Can . 
The orig inal work on thi s batch-continuous , packed bed proce s s  
is described in Georgia Tech reports f o r  the EPA , the early sponsor of 
the R. and D.  work ( Tatom et al , 1 9 7 6 , 1 9 7 7 ) . Commerc ial applic ation 
of thi s  technology by the Amer ican Can Corporation was in Corde le , 
Georgia , in a 5 0  ODT/day un it which only generated for three years 
( Knight et al , 1 978 , 19 7 9 ) . 
Vers ions o f  thi s  technology, appropriately geared in terms o f  
sca le and management requi remen ts f o r  deve loping coun tr i es, have been 
bui lt at the one-o ff pilot scale in Ghana ( Chiang et al , 1 9 7 7 , Powell , 
1 9 7 9 ) , I ndone s ia ( Tatom et al , 197 7 )  and of course , Papua New Gu inea 
( Tatom , 1 9 7 9 ) . Feas ibi l i ty stud i e s  are stil l underway in S enegal , 
(Tatom , 1 9 7 7 a )  and a un it of simi lar de sign is be l i eved to be operating 
in the Phil ippines .  
The Departmen t of Minerals and Energy now has the largest unit 
to be considered s ince the Cordele plant under design for construction 
in late 1 981 . The 3 ODT/day pilot plant at the Univer sity of 
Technology , Lae i s  the re search uni t for the DME for both des ign and 
operational improvements , and produc t eva luat ion and end-use trials . A 
further three ODT/day unit is proposed by the author for integration in 
a copra produc tion system where the gas from pyrolytic conver s ion of 
coconu t she l l s  displaces distil late for dry ing , and the oils and charcoal 
wil l  be byproduc ts . 
The pyrolytic converter now under des ign for Lae wil l be placed 
at the South Pac ific Timber Co . It is expec ted to process up to 7 , 3 00 
. ODT of sawdu st and shav ing s per year , and provide the equivalent in ne t 
output of 2 7 %  of the 1 9 7 7  heat requ irements o f  Lae ' s  indu stry . For each 
tonne of dry wa ste 2 5 0  Kg ' s  of char , and 100 Kg ' s  of oil are expec ted 
to be produced . The gas wil l be used to dr ive electric ity generat ing 
sets , e i ther d ie se l , spark ignition , or ga s turbine . The exhau st from 
thi s sys tem will be used to dry incoming feedstock to 10% m . c . w . w . b . , 
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or less . The gas output is expec ted to be about 3 0 - 3 5 %  of the energy 
3 3 in the dry feed , or about 1 2 7 0  M /ODT of feed at 5 . 5  MJ/M . 
Pyrolyt ic O i l s  
Pyro lytic oils a r e  expected t o  have a n  energy value of 2 4 - 2 5  
MJ/Kg , and the char 2 9 - 3 0  MJ/Kg . The oil s a r e  highly oxygenated , be ing 
about 3 0 %  Oxygen by weight . They have less tha n 0 . 01 %  sulphur whi ch is 
an advantage in their use as a fuel . Compared with fue l oil they are 
more dense , l . 08Kg/l c . f .  0 . 8 2 Kg/l ( Pober and Bauer , 197 7 ) , hence on a 
volume bas i s  they have about 7 5 %  of the energy per barrel o f  fue l oil , 
and only about 60% on a we ight basi s . Pyro lytic o i l s  from wood wa ste 
are less vi scous than fu el oil and more vi scous than heavy die sel oil . 
At room temperature ( 2 5°c)  No . 6  is 2 2 6 2  cP , No . 2 fuel oil 20 cP , and 
pyro lytic oil about 2 3 0  cP ( Knight et al , 1 97 7 ) . 
The viscosity of pyrolytic o i l s  fal l s greatly with inc rea sed 
temperature , as does fuel oil , and they reach comparable visco s i ty 
( 5 0-60 c P )  at 60-8 0°c ,  enabling their use in s imi lar combustion systems . 
The acidity of pyrolytic oils ranges from PH 2 . 2  to 3 . 0 , and 
is due to ca rboxyl ic acid s . Ac idity increases with temperature and 
corro s ion of 3 04 stainless steel occur s at 50-6 0°c at 0 . 05 - 0 . 1 0 ml/yr 
for munic ipa l sol id wa ste pyrolytic oil s ( Pober and Bauer , 1 9 7 7 ) . Pine­
bark and sawdu st derived oil s have a pH of 2 . 9  at ambient ( Knight et al , 
1977 ) and are not expec ted to cause severe problems dur ing short- term 
storage in mild steel drum s . Combust ion systems for pyrolytic o i l s  
alone wi l l  have t o  use high grade s tainl e s s  s t e e l  t o  avoid corrosion 
probl ems . However bl ends of pyrolytic oil s and fue l  oi l s  are much l ess 
corros ive and mixtures of thi s  oil wi th distillate o ffer advantages for 
the c ombu stion of the se fue l s . 
Flame stabi l i ty is as grea t with pyrolytic oil as with No . 6  
fue l  oil , and the blends , wh i ch are in fac t d i spers ions , f ire as wel l . 
Fir ing can be e i the r as a bl end , or with two feeder l i nes and mix ing 
at the nozzle ( Schwe iger ,  1 97 9 ) . Finney and Satter ( 1 978 ) conc luded 
from test firing pyrolytic oi l s  from Douglas fir bark in an 8 0  HP 
firetube bo i l er wi th conventional oil burner s that the oil can be 
succe ssful ly burned over a wide range of condi tions and is sui tabl e 
for a large power station boi l er with properly des igned storage and 
handl ing sys tems . 
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Te sts on the combu stion of pyrolytic oils in small bo il ers in 
mixes wi th di stil late wi l l  proc eed dur ing the first ha lf of 1 98 0  in Lae . 
Whi l e  smal l  boilers are the favoured end -u se for thes e  o il s , they can 
equa l ly be mixed with fuel oil for use in the local glass furnace .  The 
higher luminosity of the flame is said to be desirabl e for glass 
production . 
Char 
Char wi l l  be the ma jor output of the pyrolytic conversion sys tem . 
S ince it i s  already in a finely d ivided form , the options f or its 
combu stion are not as many as for lump charcoal , al though th i s  is not 
expec ted to be a signi ficant factor in char sal es . 
There are three maj o r  options now being considered for the end ­
use of char produc ed in Lae , micropulverized fuel fir ing , char -oil 
mixtur e s , and char gas i f ic ation . 
i )  Micropulveri zed-powdered fuel firing 
Micropulverized fue l  f ir ing , or powdered fue l  combu s tion i s  an 
establ ished form of c oal combus tion , and for other fine vola t i l e  
mater ials such as sander dus t .  Burning pulver ized char requires a c hange 
in the exi s ting combu stion equ ipment away from the pr es ently ins tall ed 
o i l  f ired , f iretube boi l ers . Fue l  can e i ther be deliver ed in lump form 
to the face of the boi l er , and pas s ed through an attr ition-hanunerrnil l  
grinder and then t o  the burner , o r  i t  can b e  del ivered i n  powdered form 
to the bo i l er and direc t fired wi thout treatment at the boil er face . 
I t  ha s be en di fficult to locate pulver ized fuel sys tems in the 
comparatively small size range of boi l er s  and other combu s tion equipment 
in general use in Papua New Gu inea . The bo ttom end of the range of 
o f f - the- she l f  equipment is for 300 HP boi l er s , or thereabout s , and thi s  
is the top end of the s i z e  range of mo st industrial boiler s  i n  Papua 
New Gu inea . Exc eptions in Papua New Gu inea inc lude bo ilers installed 
in the o i l  palm industry , which uti l ise pa lm nut waste , and the No . 6  
f ired util i ty boi l ers for the Bougainv i l l e  Copper Mine , Whi l e  there are 
as yet no detail ed cos tings of new pulver ized fu el sys tems in the 3 00 HP 
s i ze range for Papua New Gu inean indus try , it i s  c l ear tha t the cost of 
totally repl ac ing the exi s ting combus tion equipment is greater than 
stra ightforward mod if ication to burn the same fuel with the same , or 
even ha lf of the oil di splacement achieved by the PF option . As usual 
though there are c ircums tances in which powdered fuel fir ing i s  
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economica l ly attractive . 
The Bougainville Copper Co . ( BCL) dries i ts coppe r conc entrate 
with d i s t i l late in fairly unsophist icated combus tion conditions . Here 
mic ropulveri zed char i s  both technically and economically viable , and 
deta i led drawings of the retrofit , and detai led economic analyses are 
now in preparat ion in order to compare this  option with others 
ava ilable . The se driers use 2 000 ]/day o f  distil late , and depend ing on 
ore mo i s ture content , 2 . 8 1/te o f  ore i s  required to dry to spec if ica­
tion . 
The char for this  drying operat ion would come initially from 
the South Paci f ic Timber complex in Lae , and later from Bouga invi l l e , 
as the char produced in Lae wa s direc ted to the Lae marke t ,  and a 
pyrolytic conve rt�r located on Bouga invil le . The char would be 
transported in mic ropulve ri zed form in 1 tonne nylon fibre bag s 
( Taicon reusable bag s ) . The bulk densi ty of the char i s  raised to 
0 . 7 5Kg/l or h igher with micropulve rizat ion making tran sportat ion over 
long di stanc es much more viable . 
i i )  Char-oil Mixture s ( CHOM ) 
Char -oil mixtures are a d irect parallel of coal oil mixture s 
( COM ) , for which a great deal o f  R and D i s in progress in the U . S .  
( Rodriguez and Se l l , 1978 ; Bergman e t  a l , 1 9 78 ; Demeter et al , 1977 ) . 
Charcoal , or pyro lytic char , can be micropulveri zed to have 
95% pass through 2 00 mesh ( 7 3 microns ) and blended with No . 6 ,  or die sel  
fuels , up to 4 0 %  by weight , and perhaps h igher , for use in conventional 
oil fired systems . This  option is availabl e even for qu ite sma l l  
boi lers , a lthough it i s  be ing thought o f  for l arge util ity bo ilers i n  
particular in t h e  U . S . A .  Demeter e t  a l  ( 1 9 77 ) ran tests on a 2 0% 
coal-oil slurry (w . w . ) in a 100 HP Cl eaver Brooks firetube bo iler at 
the Pitt sburgh Ene rgy Research Centre , and found a greater than 99% 
ca rbon combustion e f f i c iency . The strateg ic advantage of CHOM in La e 
is that a substantial proportion of o i l  could be displ aced wi thout 
ma jor changes in ex is ting combu stion equipment . Thi s  wa s recogn is ed 
early in the deve lopment of the Papua New Gu inean pyrolytic fue l s  
programme (Newcombe , 1 9 7 8 )  and t e s t s  were run i n  late 1 9 78 , and May 
1 9 7 9  on powde red char-oil mixtures , first on a sma ll d iesel- fi red 
boiler and then on a 250 HP Cleaver Brooks bo i l er in the South Pac i fic 
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Breweri es in Lae . The se tests a t  1 0% and 2 0% w . w .  char in o i l  proved 
convincingly that the mixture could be burnt as e f f i c i ently as fuel oil 
in urunod i f ied o i l - f ired boiler s . Deta i l s  of the tests are contained in 
Live r s idge et al ( 1 98 0 )  . The same problems faced long term fir ing as 
those reported for COM f i r ing . Noz zles abraded qu ickly , fue l  l ines and 
pumps showed marked signs of wear , and an ash layer of 3 ml l ined the 
bo i l er tube s after severa l hour s of f iring . Combu stion e f f i c ienc ie s 
were , howeve r ,  excel lent . Exactly the same experienc e  wa s obtained by 
Demeter et al ( 1 9 7 7 )  when they fired a 3 0% CHOM mixtur e us ing char from 
the same des ign of pyro lytic conver ter instal led now in Lae . They 
achi eved excel lent flame stabi l i ty and combu stion e f f i c i ency , but even 
af ter 1 000 hour s of CHOM firing the ash layer wa s only 3 ml , ind icating 
tha t thi s  wa s the stable l evel of the ash depo s i t . 
As a resul t of the experience of these tests , tungs ten carbid e  
nozz les , and feede r l ine s , abra s ion res i s tant fuel pumps , and ef fective 
ash removal sys tem s  have been identified . The se are now ava i l able 
conunerc ial ly f rom Cleave r Brooks , U . S . A .  a s  a package for re trofitting 
the ir standard o i l - f ired firetube boi l ers to burn CHOM . 
Following through the commerc ial po tentia l of CHOM the 
Department of Minera ls and Energy have sol ic i ted co -operation from oil 
companies on the preparation , s torage and transportation of CHOM in 
Papua New Gu i ne a .  The Mobil Oil Company have conc luded , from the ir 
tests on the s tabi l i ty of CHOM for No . 6  and d i s t i l l ate , that while the 
char partic l e s  wil l  u l timately settle out of su spens ion , sui tably cheap 
additive s are ava i l abl e as byproduc ts from o i l  ref ining which would 
fac il i tate rapid recovery of a homogenous mix with sl ight turbulenc e . 
The s e  f indings comp l ement tho se of Ekmann and Bienstock ( 1 97 8 )  
working o n  the s tabi l ity of coal-oil mixture s .  Mobil have co ncluded , 
in recent communi cation wi th the Depar tment of Minera l s  and Energy , 
that the best me thod for handl ing CHOM i s  to prepare concentrates of 
char and oil at the pyro lytic converter s i te , and to di s tr ibu te the s e  
t o  indu stry . At the indu stry the o i l  company would undertake to bl end 
the concentra te and fuel oil or diesel to the desired end-u se propor tions 
for the consumer conc erned . 
Thi s approach i s  compa tible with experience on two counts . 
Firstly , the be s t  way to pulverize char appears to be a we t bal l-mi l l ing 
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process wi th diesel  fue l  o r  No . 6  i n  the mi l l  with the granules of 
pyro lytic char . This avoids problems of  explosive du st , d irty working 
cond i t ions genera l ly and losses of char . Secondly , we know that 
concentrations o f  f i fty percent oil  ( No . 6 ) and char , and greater are 
stable wi thou t s tabi l i zers added , making the storage and handl ing of 
the concentra te relative ly s imple . 
One great advantage of CHOM over COM or straight fuel oil is  
that charcoa l has neg l ig ibl e Sulphur , henc e the so2 emi s s ions ar e much 
lower . Ac cord i ngly in Lae , the problem o f  ac id attack on ga lvan ized 
i ron roof ing and expo sed metal struc tures in and around the indu stry 
are reduced . 
The c har-oil mixture option is an important and now proven 
option . I t  wil l remain a ma jor option for the di splacement of fue l 
oil  in the loc al glass furnace , al though thi s end-u se ha s yet to be 
te sted . However , an even more attractive option for retrof itting 
exis ting boi l e rs to use pyro lytic char and charcoal i s  gasific ation . 
i i i )  Ga s i f ication 
Gas if ication of solid wa stes , e spec ial l y of fore stry a nd crop 
residu es is an es tabl i shed option rece iving more attention in recent 
time s ( see Go s s , 1 9 78 ) . The fundame ntal s of the proc e s s  are the same 
as for producer ga s production for which Gennan , French and Bri tish 
techno logy is wel l es tabli shed through experience pr ior to, and du ring, 
the two world wars . I n  thi s geographic region dur i ng the sam e  pe riod 
a ho st of research and development proceeded which is stil l extant , 
such as the work by Federick ( 1 97 6 , 1 97 7 ) in Au stra l i a , and the 
deve lopments in New Zealand dur i ng World War Two (Ba i l ey , 1 9 7 8 ) , and 
more recent intere s t  by Cousins ( 1 978 ) . 
It is on ly in the pa st three year s though tha t ga s i f icat ion 
techno logy ha s been appl ied to retrofit oil fired boi l ers and combu st ion 
equipment . Cl eaver Brooks , U . S . A .  have deve loped a package now 
avai labl e comme rc ial ly for the ga s i fication of charcoal , or pel l e tised 
l ignocel lulos ic wa ste s , wh ich is sma l l  and conven iently plug s into the 
face of the ir o i l - fired bo ilers thronowsk i et a l )  . Devel opme ntal work 
is proc eeding a long s imilar l i nes in the Forest Conversion Tec hno logy 
section of the CS IRO , Div i s ion of Bu i lding Re search , Vic tor ia , Au s tra l ia 
( L ivers idge , Page and co l league s ) . 
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The advantage of ga s i f ication i s  that only c l ean a ir and burnt 
ga ses enter the firing chamber of the boi l er . Ash i s  removed at the 
point of gas i f ication , and part icul a te matter in the gas i s  f i l tered 
out as  the ga s passes back through the ho t bed i n  the mode of a down­
draf t ga s i fier . 
Prel iminary estimations of the cost of conver sion of the South 
Pac i f ic Brewery boil ers in Lae appear very attractive with payback 
periods for a total fuel hand l i ng and gasification system we l l  wi thin 
the twelve months at toda� prices for char and No . 6  fuel  oil . Detached 
i nves tigations and analysi s  of this  and other options for the use of 
solid fue l s  wi l l  be ava i l able in August 1 98 0  from the Department of 
Minera l s  and Energy arising from a U . S .  AID fu nded fea sibil ity s tudy 
by the U . S . DOE , Cl eaver Brooks , U . S . A . , and the Mitre Corpora tion . 
Development o f  pyro lys i s  in Lae 
The commi s s ioning , in February 1 98 0 ,  of a 3 ODT/day micro­
ver s ion of the l arger plants propos ed for Lae ha s be en mentioned . Thi s 
demonstration and R and D facil ity wil l enabl e controlled te sts on a l l  
f eedstocks l ike ly t o  be availabl e in Papua New Guinea t o  determine 
their oil , char and gas yield s . The fac i l ity wi l l  a l so greatly expand 
our knowl edge of the relationships between bed cond i tions and product 
yield . Finally i t  will be u sed a s  a training facil ity for national 
engineers . 
The ma j or pyrolytic converter for the South Pac i f ic Timber 
Company is now u nder design , to be completed in August 198 0 . 
The f irst s tage of the SPT pyro lys is  development wi l l  be 
the 2 5  ODT pl ant and the sec ond stage wi ll be the to tall y integrated 
sc heme uti l iz i ng all waste s .  The energy yi eld from the f irst stage 
wi l l  be 3 3 7 5 tonnes of  char and o i l  ( 3 00 day bas i s ) , 1013 x 1 0
5
MJ or 
2 4 1 1  tonnes o f  fue l  o i l  equ iva l ent . Th i s  is 2 7 %  o f  a l l  pet ro l eum 
products in use in Lae in 1977 . Thi s doe s no t inc lude the u s e  of 
the o f f-gas , which represents a further 3 3 7  x 1 0
5
MJ .  
I n  terms o f  l ong- term reg ional se l f - s u f f i ency , the suppl y 
of wood waste material s is more than adequate . There are a fur ther 
4 0-4 5 , 000 ODT per annum o f  wastes avai l able at Wau and Bulolo which 
are within 1 4 0  krns of Lae . I n  add i tion , rec ent inve stigations 
have shown that within an average haul of 30 krns radius from Lae 
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there are 1, 8 25 , 000 ODT l  o f  wa stes and tree cu l l s  who se removal 
would be ben ef icial to conunercial timber production ( M . Page , CS I RO ,  
Pers . conun . , Nov ember , 1 9 7 8 ) . This  r epre sents 6 5  years o f  supply 
at current l evel s of  indus trial energy use . At a 5% per annum growth 
rate in indu strial en e rgy use the se wa ste re sources combi ned wi th the 
SPT timber l eases c an be managed to repre sent a ren ewabl e  energy source 
roughly 1 . 2 t ime s the demand by the year 2 0 00 ( a s suming a l l  wood is 
conver ted to char and oil and s urplus off-gas i s  f lared and there is 
no programme for con servation of  en ergy) . 
Economics of pyro lys is at Lae 
Ana lyses by con su l tants to , and membe r s  of , the Depa r tment of 
Minerals and Energy pred ict the cost of s tage 1 pyro l ysi s products to 
be a minimum of K3 2 per tonne ( 1 978  Kina} of oil and char , compared 
with the March 1 98 0  price of fuel oil  at Lae , of equivalent energy 
value , of  Kl 2 7  per tonne ( Ta tom , 197 9 } . Conver sion of a l l  wa stes , 
inc lud ing the logging of wood hearts and peeler log core s from the 
veneer mil l wi l l  co s t  K4 2 per tonne of oil and char . The cos t  of 
scavenging and converting the enormou s volume of  field wa ste s , ba sed 
on conservative e s t ima tes ( M .  Page , Fore s t  Convers ion Techno logy Section , 
Division of Bu i lding Research ,  CSIRO , Vic tor ia } bring s  product cos ts 
to K90 per tonne in  1 978 kina , which compa res with a cos t of Kl 68 per 
tonne for diesel  in equ iva lent ene rgy terms in 1 98 0 .  Thi s l atter 
comparison is val id becaus e  apart from two indu s trial consume r s  in Lae , 
the produc t wi ll compete wi th diesel , not fuel  oil . The initial 
capital cost of the pyro lytic c onverter is about K47 ( 1 978 Kina } per 
installed kW therma l , at an 8 0% capac i ty fac tor . More deta i l ed up- to­
date costs of production will be available by September 1 980 from 
design work for c ons tru ction of the 2 5  ODT/day plant now in prog re s s . 
So lar 
To thi s point only indirect sourc es of solar energy have been 
d i scus sed . These have been fores try or agr icu l tural resourc es produced 
via photosynthe s i s  from the su n ' s  rad iant energy . There are , howeve r ,  
1 Rec ently revi sed to 2 , 3 10 , 00 0  ODT ( Page , pers . comm . , December , 1 97 8 ) . 
The l . 8 2 5M ODT figure is used for cal cul ations in the text . 
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several means of direct convers ion of so lar insolation into u se ful 
energy for indu stria l and commerc ial purpo s e s  that have potential in 
the Lae setting . 
( a )  S olar wa ter heating - up to s o0c 
Dome stic solar wa ter hea ters have been instal led i n  
Papua New Guinean town s f o r  at lea s t  f i f teen yea r s . Recent ly , 
a local produc tion indu st ry has deve loped s imp le solar 
co l lectors which ar e we ll  suited to Lae ' s so lar rad iation 
regime . For dome st.ic purposes the se f lat plate co lle ctor s ,  
wi th crude bl ack paint over copper sheeting and piping , repay 
purchas e  and insta l lation cos ts wi thin 3 years . 
I n  indus try and commerce in Lae there is to da te onl y 
one appli ca tion o f  direct solar rad iation ; flat plate 
collec tors to heat wa te r in a small guest house . Wa ter 
heating in indu stry and corrunerce to tempera tur es up to 
s o0c is not substantia l .  I n  the indu strial se ctor i t  i s  
5 e s timated that wa ter hea ting to thi s leve l u ses 40 x 1 0  MJ ,  
and i n  the comme rcial sector about 5 0  x 10\1J .  The l atter i s  
made up subs tantial l y  from wa ter heat ing i n  hotel s ,  mo te ls  and 
gues thou se s .  Here , ele ctri c i ty or LPG is u sed for heat ing the 
wa te r for bathroom u se when simple so lar col l ectors are alr eady 
an e conomi c and convenient subst itute . From the viewpo int o f  
s e l f -re l i ance , sub s ti tution of LPG by so lar rad iation for 
water heating has the highe st prior i ty ,  whe reas the s ubs ti tution 
of hydroele ctri c i ty by solar , which is  exchang ing one renewable 
re source for ano ther , i s  primar i ly an economic and thermodynamic 
considera tion . In surmnary ,  solar heating o f  wa ter in industry 
and comme rce to temper a ture s of s o0c is a near term option 
a l r eady economi cally and techn ical ly feasibl e ,  carrying the 
social bene fits of suppor t ing local indus try and creating 
employmen t oppor tun ities for s emi- skil led labour at a much 
greater rate than w i th any o ther option . Perhaps 15 x l05MJ 
of LPG could be saved in this way ,  and 75 x 1 0 5MJ of hydro -
power can be replaced by a s igni f icantly cheaper and more 
su i table ene rgy form . 
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( b ) Solar ai rcond i t ioning and refrigeration 
The data co l le c ted indicate tha t  about 110 x 10 5MJ of 
el ectric ity are u s ed for cool ing in indu stry , inc luding 
ai rcondi tioning . Conune rcial o f f i c e  airconditioning i s  
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e s timated cons ervative ly to use 1 2 0  x 10 MJ , and refrigeration 
in the commercial s ector , in supermar ke t s , food and 
marketing d i s tr ibu tion , clubs and ho te l s  and mote ls i s  
e s timated to use about 5 3  x 1 0
5
MJ .  The se f igure s are 
the max imum substi tution pos s ibl e of solar radia tion for 
e le c tr i c i ty for th is end-use . Sol ar energy a i rcondi tion ing 
in par ti cular is l ike ly to be economic in the near future 
in Papua New Gui nea , and its suitabil i ty for i solated areas 
wi th no access to e lectr i c i ty wou l d  make i t  a techno logy we ll 
wor th tho rough inve stiga tion . Energy con servat ion s trateg ies 
to reduce to tal energy demand for the se end-us es are a l so 
impor tant con siderations . 
Du ring the past three years the Japane se have deve loped 
solar ai rcond i tion i ng plants which operate at an input 
temperature of 7 5°c - a temperature eas i ly obta ined f rom 
e f f icient flat plate co l l e ctors ( Haye s , 1 97 7 )  . A mor e 
read i ly adaptive technology has been pioneered in Au stral ia 
and the U . S . A .  in the pas t five years ; evacua ted tube solar 
col lec tors . S c i entists a t  Sydn ey Univer s i ty have deve loped 
pro to type s of this techno logy whi ch can achieve a continuous 
flow o f  steam at 200°c ,  and with a s tagnation temperature 
of 3 00°c ( S EG , 1 9 7 7 ) . Thi s  re search para l l e l s  deve lopmen t 
by the Owen s - I l l inoi s  Co . in the Uni ted S t a tes . The ACI 
( Austra l ia n  Consolida ted Indu s tri e s }  g l a s s manu fac tu rers 
in Lae have a technical agreement with the par ent company 
of Owens - I l l inoi s  ( Corn ing U . S . A . ) and wil l be abl e to 
produce evacua ted g l a s s  tube s in Papua New Guinea shou ld 
a mar k et deve lop . In 1 9 7 7  the Sydney Unive r s i ty Solar 
Energy Study Gr oup rece ived a r e search grant of A$5  m i l l ion 
from Saud i Arabian sourc es to develop their ver sion of thi s  
techno logy . Discu s s ions with the research team ( Dr .  Brian 
Window ) have led to d�monstration pro j ects be ing mou nted 
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i n  Papua New Guinea on air -condit ioning and refr igeration 
u si ng the se evacuated tube col lec tor s . Ten square metres 
of the se coll ectors are in use on te s t  rigs and attached 
to Yaziki commercial air -cond itioning equ ipment with a 
modi f ied chi l l er at the Univers ity of Technology in Lae 
thi s  year . Thi s technological option for a lternative 
energy development mu st be regarded as viabl e in the 
med ium term . 
( c )  I ndu s trial steam rai sing and water heating ( betwe en 
S 0
°
c and 1S0
°
C) 
In the compi la tion of industrial energy use sta t i s tics 
the low grade heat requirements have been separated ou t ,  and 
have been shown to be 18%  be low l 00
°
c ,  and 2 1 %  be low 1 S 0
°
c .  
The upper end o f  the rang e o f  tempe rature s can b e  sa t i s f ied 
wi th the app l ica tion o f  evacuated tube col le ctor s whi ch are 
capabl e  o f  providing s team at 1 00 ps i .  I t  i s  c lear , 
however , tha t signif icant capi tal co sts wou ld be incurred in 
the e s tabl ishment of local plant to manu fac ture evacuated 
tube co llectors , and tha t ,  despite the des irabi l ity of 
u l t ima tely e s tabl i shing a loca l Papta New Guinean production 
capac ity , industrial end-uses are few which can on ly be 
sati s fied by th i s  so lar techno log y ,  and not by ref ined flat 
plate co l l ectors . The data pr e sented indicate that the maj or 
users o f  low grade heat in indu stry , apart from the dome stic 
end-use equivalents of electric hot water sys tems dealt wi th 
previous l y ,  are the brewers and the soft drink manu facturer s .  
In the se industrie s ,  end- use temperature s o f  be tween S S
0
c and 
6 S
0
c are required for wa shing conta iners , and warming and 
pas teurising the beverage s .  I n  the brewing indu stry i t  i s  
e s tima ted tha t a t  l east 2 5 0 x 1 0 5MJ could b e  replaced by 
solar heating , given a solar contribution of 60%  to 7 5 % of 
the energy demand for low grade end-use s .  B y  s imilar 
cri teria about 3 0  x 1 05MJ o f  the low grade could be 
sati s f i ed by solar radiation .  The se e stimate s  al low for 
2 5 % to 40% of the end-use requirements be ing sati s f i ed by 
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c onventional ba ck-up boi ler facil it i e s , fired by imported 
o i l s  or locally avai lable renewable fuel s .  Data are 
pre sented in Table l8 and F igure s lO & 1 1  wh ich indicate 
2 
that solar radiation over Lae averaged 18 . B MJ/m per day 
for the per i od 1 974 to 19 7 7 , and tha t fo r the months May , 
June , July and Augus t ,  the monthly averag e fal ls  below the 
annua l ave rage inso l at ion . I t  is only dur ing the months 
o f  Ju ly and Augu s t ,  wh ich correspond to the pea k of the we t 
seaso n ,  that the i n solation drops to less than ha l f  the 
average dai ly l eve l for the year for s ix to ten d ays . 
Under normal ci rcumstanc e s  i t  would be dur ing the s e  mon ths 
that the back-up fac i l i ti e s  would need to be u sed to the ir 
maximum. The relat ive costs of solar energy and back-up 
ene rgy forms in s torage faci l i ties in relation to the 
average in sol ation for Lae wi l l  be the key determinents of 
th e ec onomic statu s  of us ing d irect solar rad iation for e i ther 
hea t i ng , o r  on s i te e lec tri c i ty generation in Lae . 
Some indi ca tion of the cos ts of solar heati ng in indu s try 
c an be obtai ned from e xperiments cu rrently be ing conducted in  
indus try i n  Me lbourne , Au s tra lia , by the CS I RO Solar Energ ies 
S tudy Un i t .  Two co llec tors were tes ted i n  a rai se mounted 
on the factory of Coca Col a  Bottl e r s  in Queanbeyan , New South 
Wal e s . The conven tional col le c tor type has standard wi ndow 
g l as s ,  double glazed , and the col lector has a copper ox ide 
se lective surf ace . New col lectors were te sted which markedly 
incr eased the amoun t o f  ene rgy transmi tted to the col lector . 
The se have a s ingle pane of low iron glas s , currently impor ted 
from Belg i um ,  and a chrome black selective sur face . Both 
of the se collector mode s could be con struc ted , under l i cence , 
wi th the ex i sting f ab r i cation fac il ities in Lae . The cost 
� rf ormanc e  of thi s  f irst attempt a t  i ndu s t r i a l  water heating 
in Aus tralia was expres sed as 5 x 10
3
MJ saved per SAl , 000 
( 1 9 77 Do l l a r s )  inve sted ( Morse , 1 9 78 ) . I f  th i s  technical 
improvement i s  matched by an inc rea se in the pr ic e of 
d i stil late to world parity l evel , a move which mu st be 
antic ipated du ring the 1980 ' s ,  then a gro s s  return of 
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TABLE 1 8� __ E_N_E_R_G_Y __ P_O_T_E_NT __ I A_L __ O_F __ L_OC_A_L_L_Y __ A_V_A_I_L_A_B_L_E __ RE __ N_E_W�A�B=L=E-=.:.E�N=E�R=G�Y 
SOURCES OT HER THAN FOR I N DU STRI AL AND COMMERC I AL EN D- USES 
(MJ x 1 0 5 ) 
Ene rgy S ource 
Agricultural re s i dues 
( co f fee husk s )  
Cardboard 
Pape r 
Waste o i l  
Tyr es 
Wood waste -
co-gene rat i on 
py ro lys is  
Solar -
50°C' 
S0
°
c - 1 S 0
°
C 
Air condi t ioning and 
refrige rat ion 
E l ectricity , from 
pho tovo l ta i c  ce l l �  
Tota l s  
Hydro-e lectr ic ity * * *  
Near Term -
to end of 1980 
2 9  
1 76 
12  
1 1 1  
Medium Term -
1985 
4 3  
2 60 
18 
200 
101 3 10 , 0 9 3 *  
1 5  9 0  
( 7 5  substitut ion 
for renewable 
hydro-el ectricity )  
2 8 0  
Long Term -
by 2 0 00 
89 
) .. 
5 4 1  
37 
4 1 6 
104 
18 , 3 00t 
1 8 0 ( e s t )  
560 { e s t )  
( 1 80 s ubsti tut ion 
for renewable 
hydro-electricity)  
{very large ) 
1 356 10 , 984 2 0 , 2 2 7  
Combined Industria l/Comne rc ial Energy Demand , 1976-7 7 ,  exc luding 
transpo rt = 5543 . 3 7 
Combined I ndus t r i a l /Commercial Energy Demand , 1 9 76- 77 , 
non -renewable only =  4 1 0 3 . 1 1 
Ene rgy Sources Ava i l able for Indust ria l/Corrmercial End- use s - 1 0 90 . 
5 
* I nc l ude s ut i l i zat ion of 400 x 10 MJ o f f-gas for in-plant e lec tric ity 
generat ion at SPT , Lae . 
tA min imum f i gure for susta inable yield of pyro lyt ic fue l s .  Th i s  way 
not a l l  wi l l  be used for industry for by then ethano l produc t ion from 
wood-wa ste wi l l  be e conomic at the 2 00 ODT/day product ion leve l . 
* *Wa ste s other than wood re si due s are a s s umed to e s c a l a t e  in vol wne a t  
5 %  per annum i n  l ine wi th ant i cipated industrial product ion . 
* * * Hydro-e lectr i c i t y i s  assumed to be developed at a suffic i ent rate in 
the hinte r l and to me et a 5 %  per annum growth rate in indust r ial demand . 
F igure 10 
2 0 .,�--f 
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Tot a l  Radi a t ion on Ho r i z o nta l S u r f a c e . 
D a i ly ave rage X Mon t h  (MJ/rn 2 ) .  
ave . r- - - - .., - - - - - - - - r- - - - 1- - - - - - - - - - - - - - t- - - - - - - t-- - - - - -
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i nve s tme nt of abou t 1 5 %  can be expected . The CS I RO i s  
now se tting u p  demonstration fac il ities in  a Sou th 
Au stra lian brewery , and in a commerc ial da i ry . The ir 
exper ience has been o f fered to the Department of Minera l s  
and Energy t o  establ i sh s imilar demonstra tion fac il i t ie s 
i n  Papua New Guinea . From the foregoing , it appears 
l i kely that so lar heat to 7 o
0
c for industrial processes 
w i l l  be viable in  Papua New Guinea in the me dium term , 
perhaps dur ing the 1 98 0 ' s .  
( d )  Solar electr i c i ty 
Here we are dea l ing with two di stinct technologies ; 
photovol ta ic cel ls  and solar turbines . Both are 
appropriate for consideration for the near term in  
respect of supplying electr ic ity to i solated rura l areas 
which have no hydroelec tric re sourc e s . 
Photovoltaic ce l l s  are so l id state semiconductor devic e s  
which relea s e  elec trons and generate electr icity when bombard ed by 
the l ight energy o f  the sun . The three mo st promis ing type s of c e l l  
a r e  improved ver s ions of c rysta l l ine s i l icon cel ls  already marketed , 
the CdS , Gas and o ther thin f i lm sandwiches marketed in the United 
State s and under development in many versions throughout the wor ld , 
and the amorphous s i l icon cells  of var ious types . PVC ' s  made of  
s i l icon are expected eventual ly to have ma intenance free l ive s of  
2 0  year s .  Early probl ems of water ingress i n  PVC ' s  test ed in  Papua 
New Guinea ind icate tha t more development work mu st be carr ied ou t 
be fore they c an l ive up to the se expectations . 
In 1 9 78 report s  were relea sed which predic ted that photo­
vol taic cell s could generate elec tr ic ity for an in stal led cost of 
US $ 5 00 per ki lowatt average , or less , by 1 98 5  (OTA , 1978 ; Kel ly , 
1 9 78 ; Orvshinsky , 1 978 ) . I t  was al so be l ieved pos s ibl e to reduce 
costs to US $ 1 000 to US $ 2 00 per peak kW by 1 983 , which means produ c ing 
elec tr ic ity for 7 t  to 3 0t pe r kilowatt hour . 
It is now believed that the remote bu t populous rural 
communities of the deve loping countries wil l constitute the medium­
sized marke t that is nec e ssary to ensure a rel ative ly r i sk-free 
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progr e s sion in produc tion capac ity , up from serv ing the remote 
unmanned genera tion demand i n  the developed countries , and towards 
c ompe ting direc tly wi th o ther al ternative s there for the 10 to l OOMW 
new instal lation market {Wol f ,  197 7 ) . Certa inly there is some 
subs tanc e in this be lief for the costs of electric ity from d ie s e l  
generation i n  outlying areas in Papua New Gu inea , a t  the 1 0 - 5 0  kW 
demand l eve l , are now frequently between US $ 1 . 00-l . S O per kW hour . 
I n  the U . S . A .  in 1 9 77  the cost of diesel-e lec tric wa s abou t 
US $ 0 . 2 0kWhr . at a capacity fac tor of 0 . 1 1 ,  and the mos t  sensi tive of 
demand curve array pric e proj ec t ions showed that d emand for PVC ' s  
would be s low and that significant penetration into the 1 0 - l O OOkW 
diesel generation market would no t occur until a fter 1 98 2  {Wo lf , 1 9 77 ) . 
I f  in the meantime oil pr ic es have inc rea sed 80% , and even before 
this , signi ficant market s  at thi s l evel of appl ication ex is ted in 
developing countries , such a s  Papua New Gu inea , where generat ing 
costs 2 to 10 time s higher than the above . stated U . S .  da ta pr eva i l ed . 
Here , then , enterpri s ing c ompanie s  should be abl e to achieve a s teady 
market growth through gradual price reduc tions . 
Whi l e  thi s market potentia l i s  undoubted ly perc e ived by some 
of the PVC producers in the U . S . A . , there has be en l i ttle indication 
in the marke t plac e of fall ing prices to consumers in the South 
Pacific . Whi l e  the costs of  PVC ' s  exc eed US $1 0 , 000/instal led kW in 
the U . S .  in May 1 97 8 , pr ic e s  quoted to dealers in Papua New Gu inea , 
£ ub. the East Coa st of the U . S . A .  were effec tively US$ 24 , 000/kW for 
sma ll househo ld uni ts . Even so sa les  of PVC ' s  in Papua New Gu inea 
have been con s iderable and are growing rapid ly . I ndeed we bel i eve 
that even at this  pric e they may be competi tive , on the ba s i s  of  cost 
per lumen d e l ivered , with kero sene lamps in per i -urban and rural 
env ironments , taken ove r a five year period ( D . C . F .  on hardware and 
recurren t expend iture dur ing the guarantee period for PVC ' s  and 
battery ) • 
There are addit ional great inc entives for Papua New Gu inea 
to examine the util ity o f  PVC ' s  for they of fer a durabl e , convivial 
and reliable source of  electric ity in units sma ll enough to prov ide 
for end -uses for which electric ity is the best , or only viabl e energy 
sourc e . In that sense they are d irectly compa tibl e with a na tiona l 
development s tra tegy that empha s i ses rura l d evelopme nt ba sed on sel f­
suf f ic i ent communities and smal l -holder indus tries . For th is  reason , 
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tenders wil l  be call ed by the Departmen t of Mineral s and Energy in 
1 98 0  for demon stration l OkW ( nominal ly ) arrays at suitabl e remote 
s ites , and the cul tural compatibil ity and economic performance of 
thi s source i s  be i ng care ful ly scrutinized in several school s  and 
community centre s . 
Cons e rvation 
A great part of  the potential for energy conservation has 
already be en indicated in  the section on al ternative energy sources 
which dea l s  with the use of  waste materials  as an ene rgy sourc e .  
There , i t  i s  sugge s ted that minor mod i fi cations to exi s t ing industrial 
plant wil l  enable renewable ene rgy re sources , perhaps already on­
site , to be u t i l ised and energy imported from out s ide the factories 
to be conserved .  
The amount o f  ene rgy that may be conserved by increas i ng 
the efficiency o f  the physic al pl ant , i . e . the amount of produce 
per unit energy input , has not been estimated in  this research in a 
technical sense , although the pos s ible saving s  can be estimated by 
assessi ng current attention to energy u se by factory managers . The 
first component of an energy conservation strategy for an indu stry 
must be a detailed knowJedge of the energy intens i ty of  a particular 
in-p l ant proc e s s . This should , theoretical ly , lead to cost-effective 
al l ocations of ava i l able cap ital and expertise to the reduction of 
energy use , providing adequate information on the ways in  which 
sav ings can be made i s  avail abl e . Only two companies , one conc erned 
with gl ass manu facturing and the other with brewing , systematical ly 
moni tored energy use and were able to produc e data on the energy 
savings of modifying in-plant proc esses i n  speci f i ed ways . Given 
that the se compani e s  uti l ise close to hal f the total ene rgy f low in 
the indu strial sector , it is not surpri s i ng that the ir data on 
energy use are of above average s tandard . The brewery maintains the 
mo st comprehensive data set on fac tory end-u se . Technical staff 
compile and contra st monthly data on energy use per hec tal itre of 
beer proces sed , with specia l attention being given to the energy 
intens ive components o f  beer manufacturing which are the heating 
and cooling proces ses . The se are compared a l so with internat ional 
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standards of energy efficiency for these proc esses set out by the 
parent company , Heineken of Hol land . 
Through discussions with management , the level of knowledge 
of energy use in the factory and the individual ' s  perception of 
the need to conserve energy was able to be gauged . General ly , 
industrialists repl ied either that they were concerned to conserve 
energy but that they had l ittle infonnation about effective 
monitoring procedures and alternative s  to pr e sent mode s of 
operation , or that they had not cons idered the question seriously . 
It is worth reiterating that mo st companie s operating in Lae are 
Au stralian-based and have deve loped and are maintaining the ir 
present patterns of operation in the context o f  pe troleum fue l s  
priced a t  between 2 5 %  and 50% o f  the world parity pric e (up until 
1978 ) and with electric ity costs at less than one-quarter those 
applying to industry in Papua New Guinea . Presumably , in time , 
each energy intensive industry or any industry in Papua New Gu inea 
that , for example , operates boiler equ ipment , wil l come to 
recognise the savings that can be made through better management , 
and with more energy efficient equipment . However ,  unless stimulated 
by Government intervention , this l earning process may wel l  be 
unneces sar ily slow .  The savings that can stem from better management 
are l ikely to be significant . For the U . S . A . , it has been sugge sted 
that merely improved 'housekeeping, including no changes in capital 
equipment , can save 13% of total industrial energy use ( Ross and 
Will iams , 1977 ) . Again , in an examination of bo iler efficiency in 
the biggest industry in Hong Kong - the textile manufacturing 
industry - even the companies which boasted good boiler management 
were found to be able to save 2 0 %  of energy use by simple ad j ustments , 
and continuous monitoring of boiler equipment (Newcombe , 1 97 5 ) . Thu s , 
it is not unreasonable to expect , for indu stry in Papua New Guinea , 
that by merely improving the energy management of ex isting equipment , 
the indu strial and commerc ial energy demand can be reduced by 10% to 
2 0% . This potential has been confirmed by a recent consultancy by 
the Conservation and Renewable Energy branch of the Canadian 
f 
Department o f  Mines and Resources for the DME , PNG (Walterson , 1 98 0 ) . 
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Another important area for energy conservation is through 
co-genera tion of low-grade heat and e lec tric ity . Here we are no t 
implying the sa le of elec tric i ty back to the grid , bu t ra ther , a 
be tter and thermodynamically sensitive management of pre sent energy 
usage . The d ie sel  or fu el oil  now burnt d irectly can be used to 
generate electric it� and waste heat , upgraded where neces sary , can 
be u sed for the heat ing appl i cations which were previou sly the on ly 
end-use . The potentia l of co-generation i s  very cons id erabl e ,  
amounting to a reduction of 2 5 %  in indu s tr ial electri c i ty dema nd 
from co-generation sys tems that have already been ident i f ied , and 
accepted by i ndu s try to the end of 1 9 78 . Thi s inc ludes timber 
indu s tries u t i l i zing the i r  wa stes for both electr ic ity and s team 
generation . Al though thi s  2 5 %  electr i c i ty demand reduc tion 
represents only 4% of total indu strial fuel u se , it  is the mos t  
expens ive component , be ing , at i t s  cheapes t ,  3 time s mor e per MJ 
than the mos t  expens ive imported pe trol eum fuel s .  I n  additi on , the 
hydro-electric scheme f rom which Lae draws its power , the Ramu Sc heme , 
i s  fa s t  near ing capac ity , and back-up gas turbines burning d i stil late 
are now contempla ted . In th i s  s i tuation any reduc tion in elec tr ic ity 
demand to allow time for engi neering the supply of mor e hyd ro -power 
is highly des irable . 
This  br ings forward ano ther cri ti cal area of ene rgy 
conservation whi ch is  complete ly untouched at pre sen4 that of ma tching 
the s i ze of the industrial e l e c tric motive power equipment and the 
s i ze of the demand . When the capaci ty of the e lectric ity supply 
system i s  being s tre tched to the l imi t ,  and the marginal cos t s  of 
production are higher than the ave rage cos ts , as in Papua New Gui nea , 
any unwarranted increase in maximum demand is a severe burden on 
forward plann ing and deve lopment capital , and is u l t ima tely reflected 
in highe r co s ts to the con sumer . I n  the Un ited Ki ngdom , where 
industrial p l anning is  sure ly no less se nsitive in thi s area than 
in Papua New Guinea , it has been found that about 50% of the 
electric ity intake i s  unne cess ari ly d i s s ipated in the tran sformation 
to final mo tive power be cause of gre atly oversi zed equ ipment for the 
task s performed ( Murgatroyd and Wi lkins , 1 9 7 7 ) . It i s  complete ly 
reasonable , then to have a one-off reduct ion in e lec tr ici ty demand , 
over the next 3 - 5  years of 30-40 % ,  and to be able to bring indus trial 
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load growth down by careful forward planning thereafter . Thi s could 
be achieved wi th s igni ficant economic gains to both industry and 
Government and raises the que s tion of the kind of poli cy i n i t iative s 
nec e s sary to achi eve the se goal s . 
D i scu s s ion 
Thi s  research has enabled an eva luat ion to be made o f  the 
range of al ternative ene rgy source s avai lable wi thin and around the 
Lae urban area and of the ir importance in terms of the ir contribution 
to indus trial/commercial energy supply i n  the forseeable future . 
Table 5 l ists the se e ne rgy source s ,  leaving out hydro-elec tri c i ty 
and indi cate s  for 1 9 80 , 1 9 8 5  and 2 000 , the vo ltune s  that can be 
e conomi cal ly brought-o n-line in terms of our pre sen t unde rstanding 
of the re spe ctive energy conversion te chnologies . Hydro- e l e c tr i c i ty , 
and other renewabl e energy source s c urrently in use , are as s tuned to 
grow suff i cien tly in avai labil ity to mee t the ir current share o f  
total indus trial/comme rcial energy use , i . e .  2 2 % ,  up u nt i l  t h e  year 
2 000 . Al though no t ime- ser ies o f  indus tri al/commerc ial demands for 
Lae are ava i lable , es timate s made in thi s re search of the growth in 
nationa l energy demand over the past 4 years , show a 5% per ann tun 
compound growth rate in indus trial /commercial ene rgy use and seem 
a reasonable refe rence growth rate by which to measure the future 
adequacy of  a l ternative ene rgy source s  that are identif iabl e now . 
Factory was te s  and was te stunp oi l are also as sumed to grow in volume 
in proportion to indus tr ial/commerc ial ene rgy use , i . e . at 5 %  per 
anntun .  
Under thi s s imp l i f ied scenario , total indus tr ial /commercial 
energy use wi l l  approximate 6 2 00 x 10
5
MJ in 1 9 80 , 7895 x 10
5
MJ in 
5 1985 , and 1 6 , 4 1 0  x 10 in 2 0 0 0 .  I f  the 1 9 7 7  ratio o f  7 3 : 2 7 , non-
renewable to renewable forms were maintained throughout the afore­
mentioned period , non- renewable energy sour ce s or imported pe tro letun 
produc t demand wou ld be abou t 452 5 x 10
5
MJ in 1 980 , 5760 x l 0 5MJ in 
1 985 , and 1 1 , 9 8 0  x l0 5MJ in 2 000 . There fore , by 1980 , 30% of  
imported pe tro le um  product s  could be replaced by alternative energy 
sources , making renewable ene rgy sour ces 49%  o f  the to tal energy 
supply to th e indus tr ial and commerci al sectors . By 1985  there i s  
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almo st double the more economic ally competitive energy available 
from renewable sources than is ne eded to meet total commerc ial/ 
indus trial demand at that time . By the 1990 ' s  it wil l  be economic 
to harve st the forest wastes within a 3 0km average haul . Thi s  
resource i s  huge and even with the mos t  conservative of es timate s 
of harve sting it on a 3 0  year rotation , an additional 8 200 x l 05MJ 
in the fonn of char and oil become available , boosting the renewable 
energy re source to 1 . 7  time s the year 2 000 demand , which i s , at l eas t , 
3 time s the 1977 demand level . It is conceivable , however , that a 
significant proportion of this waste wood wil l be conver ted to 
methanol for transport fuel s ,  a matter which is discus sed in the 
transport papers (Newcombe , et al . ,  1 978 ) . 
Whil st there are renewable energy sources available which can 
economical ly compete with all the existing end-uses of imported 
petroleum produc ts in industry and which have the potential to total ly 
substitute for these impor ts by 1 98 5 , it will require a great deal o f  
enthusiastic experimentation and application of appropr iate end-use 
technology by indu s try for this to happen .  I t  wil l  be recall ed that 
the bulk of petroleum fue ls are used for raw heat or steam raising , 
and that the ex isting end-use equipment is designed for the combustion 
of fue l-oils and diesel for thes e  purpose s . Modifications to 
equipment and fuel systems will have to be made to a l low for the 
storage , blending and firing o f  charcoal-oil mixtures during the 
l i fe of the present combu stion equipment . The sole use of pyrolytic 
fuels ,  either char for gasification or powdered fuel firing ; char­
pyrolytic oil mixtures , or pyrolytic oil straight or blended , and 
perhaps off-gase s ,  wil l have to await sui table modifications or the 
installation of powdered fue l  systems , dual -fue l boilers , or front 
end gasification unit s . Rather , if all new industry and new 
combustion equipment can use pyrolytic fuel s ,  then 5 5 %  of indu strial 
heat rai sing wil l  be from pyrolytic fuels and 45% from imported 
petroleum products by this time . I f , in the interim , existing industry 
is given the economic inc entive to use pyrolytic fuel s ,  by marketing 
them initiall y  at a di scount be low the pr ice of fuel oil , whic h  is the 
cheape st imported energy fonn , then there could be either a compl ete 
change in , or ma j or mod ific ations to , exis ting combu stion equipment 
be fore the end of its useful life to enabl e the combus tion of waste s 
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or pyrolytic fuels . Shou ld as many of the industries as would 
constitute ha lf o f  the exi sting industrial/commercial end-users make 
thi s transition , then by 1 985 , 80% of heat-rais ing wil l be from 
renewable resources , and 85% of total indu strial/commerc ial end-use 
could be from renewable energy source s .  
At this t ime the modification o f  ex is ting industrial 
combustion equipment to utilise pyrolytic fue l s  does not appear 
technically dif ficult or prohibitively expens ive . Once appropr iate 
modi f ications to exi sting equipment , or s uitable off-the -she l f  
technology has been demon strated , then the pr ice of the al ternative s 
wil l  tend to dictate the rate at which they wi l l  substitute for 
conventional petroleum fuels in the marketplace .  I t  i s  already c lear 
that the relative pr ice of al ternative fue l s  is highl y favourabl e for 
a rap id trans ition to take place . Table 1 shows the relative 
e ffective pr ice in 1 9 7 7  of energy forms which can be used for heat­
rai s ing in industry . A comparison of price s  at end-use wil l also 
serve to clarify the relative value of hydro-electricity for thi s  
purpose , for there is a considerabl e misconception amongst the publ ic 
that hydro-power is not only the be st , but the cheapest alternative 
energy sourc e  for all end-use currently per formed by imported 
petrol eum products . In fac t ,  hydro-elec tricity , when used for heat 
or steam raising , is effectively 5 time s more expensive than i s  
pyrolytic fue l s , even al lowing for a 3 0-50% rate o f  return for pyrolytic 
fuel s ,  and only a 10% rate of return on hydro-power at the se pr ic es 
{ Table 1 ) . The· direc t combustion of wood residue s  is cheaper than 
electric ity even tak ing into account the capital costs of end-u se 
equipment . 
Hav ing determined that the economic incentive to switch to 
fue l s  based on renewable forest energy i s  very great , and that there 
is technical know-how to exploit them , there appears to be no rea son 
to doubt that the almost total substitution of imported petrol eum 
products by pryolytic and other wood fue l s  for hea t rai s ing c an occur 
by the year 2 000 . 
The o ther tran s i tion that wi ll be made during the next decade 
to 15 years is a substitut ion of one renewable energy form for another ; 
that of solar heating and cooling for hydro-e lectricity . Thi s 
trans ition wil l be based on economic ,  social and s trategic cons iderations . 
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Whi l s t  hydro-electricity is a renewabl e energy source , the costs of  
extracti ng it  are comparatively high under Papua New Guinean geological 
and c l imatic cond i t ions . The cons truct ion and maintenance of hydro ­
headwater generat ing and transmiss ion sys tems requires a leve l and 
range of ski l l s  not now avai lable wi thin the coun try so tha t 
thi s  pattern of e l ectricity deve lopment wi l l  be more expens ive in 
P apua New Guinea than in deve loped coun tries even con s i dering that in 
the lon ge r  te rm conse rvation of  energy i s  j ust as important un der a 
renewable ene rgy regime . 
Firstly , any potent ial excess of supply over demand for 
renewable energy for the i ndu strial/commerc ial sector wil l  no t be a 
real exc ess  becau se there are ways of u s i ng the se energy forms prof it­
ably in bo th the tran sport and dome stic sectors , and the export of  
some fractions of  the a l ternat ive ene rgy s tream to nea rby ports and 
demand centres is be ing contemplated . Secondly , the supply of these 
renewable ene rgy forms from read i ly acces s ible sources i s  u l t ima tely 
l imited , and both may show marked increa ses i n  the marg inal cost of  
produc tion , economica l ly and ecologica lly . Therefore wi se use of these 
re sources in terms of  the ir mos t  ef fic ient thermo-dynamical ly 
appropriate end-uses will bo th reduce the average cost to consumer s ,  
and ef fectively increase the size of the re sourc e . 
The value of conservation i s  now espec ially c lear in respect 
of the supply of hydro-power to Lae from the Ramu system of 3 0MW .  The 
1979 demand was 24MW peak , and g iven r e serves , and antic ipated near-
term load growth , i s  close to i t s  maximum c apac ity . Diesel powered 
gas -turbines are be i ng planned to a l l eviate the probl em , but in fac t 
they wi ll aggravate the general probl em of increa sing rel iance on 
imported pe troleum products . We have shown tha t at l ea s t  2 5 %  of Lae ' s  
industrial e lectr i c i ty demand cou l d  be me t by co-generation and 
al ternative energy sou rces with redu ced cost and envi ronmen ta l impac t .  
I f  due regard for a compr ehensive overv iew i n  energy p lann ing , and 
for thermodynamic considerations in the microcosm of every indus tr ial 
activity �ad been made the se options would automa t ically have been 
taken up . Fina l ly , it mu st become pos sible to read i ly a s s e s s  the 
impac t of the kind of ene rgy initiative s here pre sented on the total 
pattern of energy use in the Papu a New Gu inean economy . Thi s  means 
simple , fast , and ef fec tive data collection and analysis has to be 
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e stabli shed with the d irect and will ing co -operat ion of the bu siness 
conununity . Annua l c ensuses o f  energy use , indus try by i ndu stry , end­
use by end -u s e , and reg ion by region , are critical to ef fective energy 
planning and energy deve lopment . The se have be en institu ted by the 
Department of Minera l s  and Energy as of 1 9 7 9 . 
Sununary 
The re search documented here wa s conduc ted between August 1 977 
and May 1 9 78 . From the beginning o f  1 9 78 c lose co -operation wa s 
arranged betwe en the UN Re search Team and the Departme nt of Minera ls 
and Energy , Port More sby . Th is co-operat ion had , by th e end o f  1 978 , 
led to the adopt ion of most o f  the po l icy options ou tlined , and to the 
inve s t igation of the al ternative energy sources in proportion to the ir 
importance to fu ture energy supp ly ( Newcombe and We ick , 1 9 7 8 ) . 
Al though the initial re search conc entrated on the energy flow 
in Lae and be twe en Lae and its hinterland , it wa s hoped tha t the 
al ternative energy sourc es and the management and p lanning modes that 
were identi f ied from th is  wo rk wou ld be appl icabl e to Papua New Gu inea 
as a whole . This now seems to have been a rea sonable aspi ration . I n  
respec t o f  Lae itse l f , the data and analys i s  presented here , suggest 
it  to be poss ible for renewabl e energy sources to cont ribute 4 9 % of 
the 1 9 8 0  demand , 8 5 %  o f  the 1 98 5  demand and a l l  o f  the year 2 000 demand 
for indu stria l/conune rc ial energy . 
Whil s t  Lae is espe c ial ly advan taged becau se of its prox imi ty 
to ex tens ive fore st re sources , this  does not make it except iona l in 
the contex t o f  the nation . For example , we have found that for Papua 
New Gu inea as a whole , ex i s t ing forestry wa ste s , both in the forests 
and a t  the sawmil l ,  are equ iva lent a t  a min imum to the total of 
pe trol eum imports . 
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Chap te r 4 
Ene rgy for Transportati on 
Revi sed from " The Transport Pape rs " by Ken Newcombe , Kaye 
Bowman and Jame s Pokri s . PNGE/TS , CRES , Aus tra lian National 
Uni ve rsi ty , Canbe rra . De cembe r 19 78 , 7 2pp . 
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The following analys is o f  the transport sector i n  Lae i s  
compri sed o f  two sets o f  data ; one , an overview of the end- us e  wi thin 
the se ctor and , two , a de tai led as sessment of the present patte rn of 
tra f fi c  around and wi thin the Lae urban area . 
The impli cations of these ana lyses are di sc us sed in re spe ct 
of policy options de signed to reduce transport energy demand , conserve 
transport e ne rgy and to provi de , in the long te rm ,  for s i gni fi cant 
s ub s ti tution of imported transport fue ls with locally produced 
renewable e ne rgy forms . 
Orientation of the rese arch 
An important value premi se upon whi ch this res earch is bas ed 
is that the transport needs of low income groups be a 
prime conce rn .  Transport systems for the needy mus t guarantee access ,  
at low cos t and high convenience , to the subsi s tence requiremen ts of 
li fe in the given se tting , includin g  essential materials such as food , 
energy and water and in formation source s and se rvi ces s uch as 
education , health , enter tainment and recre ation . Of even greate r 
importance is that they be sympathetic with the culturally and 
biologi cally dete rmined requirements for human wel lbeing in the 
speci fied population . 
As a whole , the transport sys tem must , in terms of i ts inputs 
and i ts de sign , be compatib le with maximum s e l f  re liance and wi th 
currently eme rging economi c and e cologi cal cons traints . 
This re se arch is conce rne d wi th the nature of the de ve lopmen t 
which p re sent transport sys tems are fos te ring or of which they are 
representative . 
The vehicular transport ne twork of Lae 
Lae i s  the se cond larges t urban centre and foremost indus trial 
town of Papua New Guinea . The population is estimated to be 45 , 000 
made up of 4 1 , 000 nationals and 4 , 000 e xpatri ates . The population 
growth rate of this urban area is 5% per annum. The vas t maj ori ty 
of the new se ttle rs swe ll the numbers for s e l f-help and temporary 
accommodation in formal and in formal settlements at the urban fringe . 
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Up t o  now the re has been a n  active programme , unde rtak en parti cularly 
by the Nation a l  Hous ing Commi s s ion , to shi ft settlers into formal or 
plan ne d  sett lement are as wi th bas i c  service s s uch as drains , pi t 
latrine s ,  commun i ty wate r s upp ly and roads . 
As one mi ght anticipate , La.e i s  de s i gned along conven ti onal 
Aus tral i an town planning lines . There i s  a central bus iness district 
s urrounded by the o lde s t  of the high covenant housing which i nc ludes some 
block s of flats . Genera l ly , h i gh covenant hous es are p laced on O . l ha .  
block s , or larger , i n  regular rows di sse cted by ful l s i zed suburban 
vehi cular roads . This patte rn e xtends for about a two mi le radius 
and inc lude s an indus trial are a where the de s i gn is s imi lar but more 
e xten s i ve .  Beyond the inne r core of h i gh coven ant housing , s ingle 
lane roads lead out to low income se ttlemen ts and to insti tutions , 
s uch as the Uni ve rs i ty of Techno logy , whi ch contain the ful l range of 
hous ing forms . I n  the low income se ttlements the town planning des i gn 
is the s ame , but in mi ni ature form.  The e xceptions are the in forma l 
or unplanned settlemen ts where hous ing al lotments are irregular in 
s i ze or even undefined .  In these are as , gardens dot the inters ti ces 
between the houses and the footpaths whi ch lead off a few entrance 
roads and rami fy throughout the settlemen ts i nto the h i l l s  beh in d .  
Lae i s  servi ced b y  regular shipping , a ircra ft and road 
transport se rvi ce s . I t  is a ma j or port for export and import cargo 
and the focal point at the end of the coun try ' s  s ingle maj or h i ghway 
sys tem whi ch pene trates nearly 560 kms b ack into the H i gh lands and 
whi ch now links wi th the othe r maj or coastal port of Madang . 
This s i tua ti on i s  i l lus trated in Fi gure 12 where air , sea and 
road transport s e rvi ces are indi cated . Complementary data for road 
transport on the H i gh lands Hi ghway out of Lae are provi ded in Tab le 1 .  
Aircra ft movements a t  Nadzab Ai rport ( Lae ' s mai n ai rpo r t )  
comprise F2 7 and F 2 8  prope l le r  and turbo j e ts of Air Nui gini , carrying 
passenge rs and cargo di re ctly to and from other maj or P apua New Guinea 
towns . The l i gh t  ai rcraft movements out of Lae airport compe te on 
some of the Air Nui gini routes but mos tly se rvi ce the many 
i solated mis s i ons and vi l lages in the rugged te rrain of the Morobe 
P rovince in which Lae is s i tuate d .  
Coas tal shipping in vesse ls of up t o  10 , 000 tonne s move 
importe d cargo out to other maj or coas tal towns and vi l lage s . Larger 
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capaci ty ves s e ls ( 40 , 000 tonnes ) de l i ve r  imports t o  and take e xports 
from Lae to E uropean , As i an and Oceanic ports . These la rger ve s s e ls 
make in frequen t vi s i ts to Lae compared with a dai ly procession of at 
leas t twenty vi l lage launches ferrying people and small  cargo to and 
from vi llages on the Huon Gul f  and beyond.  
The H i gh lands H i ghway i s  the on ly road to the Papua New Guinea 
High l ands . The two other main roads lead 40km towards Finschafen in 
the e as t  and 140km to Wau and Bulolo in the wes t .  The 19 75/ 7 7  data 
of traffi c flow to and from th e h igh lands , as shown in Table 1 9 a 
in di cate a progre s s i ve bui ldup of tra ff ic , although the ca rgo component 
of this traffic varie s greatly th roughout each year ( s ee Table 19b ) . This 
se as onal variation i s  s tron g ly influen ced by th e coffee cropping 
cycle . For ins tance , in 19 76 , s e vera l  ti mes more coffee was moved 
to Lae than for other re corded pe riods , with a correspondi ng ne arly 
th ree fold incre ase in fue l  and a n ine fo ld increase in the s tore items 
carried to the h i gh lands . 
Vehi cle stock s  
Obvious ly the n umbe r o f  veh i cles in u s e  be ars a fai r ly dire ct 
re lationship to total transport ene rgy use , even though changes in 
en ergetic e f fi cie ncy of the vehi cle s to ck can gre at ly influence 
ultimate end use of transport fue ls .  In Papua New Guinea , li ttle 
in fluen ce , other th an pri ce , has so far been brough t  to bear on the 
ene rge ti c e ffi ciency of tran sport modes . Data presented in Figure s 1 3 
and l4 show a time series of re gi s trations o f  vehicles by type over the 
pas t de cade . Be tween 1965 and 19 7 2  total vehicle numbers rose at 
almost 15 % pe r annum , and by 2 . 5 %  th erea fte r .  The early growth rate 
is mai ntined for comme rci al vehicle regis trati ons , even though be tween 
19 72 and 19 76 private car regi s trations have be en fallin g  at the rate 
of 4 % per ann um .  
I n  Figure l4 P apua New Gui� ownership of vehi cles has  been 
separated from Europe an owne rship . A s ign i fi cant part of th e fal l  in 
pri va te car regis trations during the 19 72 and 19 76 peri od seems to be 
e xplained by the fact that pri vate car owne rship is dominated by 
E urope ans , and that th eir overall n umbe r in P apua New Guine a fe ll 
s i gn i fi can tly during th is peri od , but now appe ars to be leve l l ing o f f .  
TABLE 19a VEHI CLE AND PASSENGE R MOVEMENTS ALONG HIGHLANDS HIGHWAY TO AND FROM LAE OVE R A ONE WEEK PERIOD 
( 1 9 75- 7 7 ) * 
1975 (Aug/Se,et)  1976 ( S e,et )  1 9 7 7  ( Jul�} 1 97 7  ( Dec ) 
Vehic le To tal % of Total \ of Tota l % of  To tal % o f  Total To ta l % o f  
type Vehi c le s Total Passengers Total Vehi c le s  Total Pa ss engers Total Vehi c l e s  Vehic les Total 
I 
Car 2 069 30 . 0  4 2 9 9  14 . 0  2 0 3 9  2 2 . 4  482 2 1 0 . 8 ) 4 2 96 2 8 . 0 
5 2 2 9  
Uti li ty 1 2 6 1  18 . 2 3 796 1 2 . 3 1875  2 0 . 5 5901 1 3 .  3 ) 4 4 7 6  2 9 . 2 
PMV 1 3 6 3  1 9 . 8 1 5 554 5 0 . 6 2 19 1  2 4 . 0 2 4 6 2 8  5 5 . 4 ) 3 0 9 5  2 0 . 2 
) 2 5 2 2  
L. Truck 6 3 9  9 . 3 2 4 28 7 . 9 960 1 0 . 5 4 4 7 5  1 0 . l } 1 968 12 . 8  I-' 
I-' 
8 . 4 
()) 
H. Truck 8 7 9  12 . 8  2 1 9 7  7 . 1 1 2 2 5  1 3 . 4  3 18 8  7 . 2 2 1 5 7  1 2 92 
O the r 6 8 3  9 . 9 2 4 7 9  8 . 1 83 1 9 . 2 1404 3 . 2 1 2 99 2 2 1  1 .  4 
To ta l  6 8 9 4  100 . 0 3 0 7 5 3  100 . 0 9 1 2 1  100 . 0 4 4 4 1 8  100 . 0 11207 1 5 3 4 8  1 00 . 0 
* Data we re co l le c ted at the Lae we i ghbri dge during the fu l l  2 4  hours o f  ea ch day . 
TABLE l <JJ F RE I GH T  MOVEMENTS ALONG H IGHLANDS HI GHWAY TO AND FROM LAE 
1975 ( Aug/Sept ) 
Conunodi ty 
1 Week To tal 
( tonne s )  
Fue l *  
Emp ty fue l drums+ 
Co ffee+ 
Te a+ 
Cocoa+ 
Live s to ck+ 
Timber ( Sawn •. 
Logs , plywo o d ) + 
Vege tables+ 
Bui lding ma teria l s *  
Machine ry* 
Grave l 
S to re i terns * 
Bee r 
Empty bo ttle s  
General 
To ta l 
95 7 . 7 
18 . 8 
104 7 . 5  
62 . 4  
5 0 . 7 
5 5 . 0 
8 2 6 . 8 
1 3 1 . 0 
2 05 . 9 
2 50 . 0 
9 8 . 5 
3 2 0 . 9 
1724 . 4 
5 74 9 .  6 
% o f  
Tota l 
1 6 . 6 
0 . 3 
18 . 2 
1 . 1 
0 . 9 
0 . 9 
14 . 4  
2 . 3 
3 . 6 
4 . 3 
1 .  7 
5 . 6 
30 . 1 
100 . 0 
1976 ( S ept ) 
Tonne s Tota l 
for week 
2 3 3 7 . 6 
2 5 09 . 8 
118 . 4  
1 2 9 . 0 
105 . 5 
1 7 9 3 . 3 
2 2 8 . 1 
2 8 5 . 6 
95 . 0  
3 5 5 . 8 
2 8 3 2 . 9 
3 1 02 . 4 
1 3 89 3 .  4 
% o f  
To tal 
16 . 8  
18 . 1  
0 . 1 
0 . 9 
0 . 7 
1 2 . 9  
1 .  6 
2 . 0 
0 . 7 
2 . 6  
2 0 . 4 
2 3 . 2 
100 . 0 
1 9 7 7  ( July) 
Tonnes To tal 
for week 
9 8 8 . 5 
2 . 0 
70 2 . 4  
9 3 . 0 
3 8 2 . 0 
9 . 0 
1 01 . 0 
1 1 . 0 
24 5 . 5 
1 4 0 . 7 
4 . 0 
22 76 . 3 
49 4 3 .  7 2  
% o f  
Total 
2 0 . 0 
1 4 . 2 
1 .  9 
7 . 7 
0 . 2 
2 . 0 
0 . 2 
5 . 0 
2 . 8 
4 6 . 0 
1 0 0 . 0 
+ I t  can be assumed tha t these i tems are moving into Lae and items marked * are mov i ng ou t �f Lae . 
So urce : Hi gh lands Hi ghway Traffic Survey , Of fi ce of Transport , I n formation B u l letins No . 2 2 ,  - 2 6 ,  2 7 .  
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Reg i s te red Motor Veh i c l es Owned b y  Private 
Persons by Veh i c l e  Type in P . N . G . 
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I n  the s ame period the P apua New Guinean owne rship of private cars has 
about doub led ; but there is a rec ent de clin e  in the n umbe r  of veh i cles 
regis te re d by P apua New Guineans , whi ch may re f le ct rising c os ts of 
petroleum and vehi cle maintenan ce . 
On the othe r hand , ownership by P apua New Guine ans o f  
comme rcial vehi cles on a coun try-wi de b as is h a s  more than doubl ed 
during thi s  four year peri od ( the on ly pe riod for which Papua New 
Guinean vis a vis European veh i cle owne rship data are avai lab le )  and 
the trend shows no s i gn of abating .  I t  can be spe culated that th is 
trend is dependant on good pri ces for cash cropping in the rural areas 
and s us tained growth in the demand for public roc:>tor vehicles . 
Transport ene rgy us e in Lae 
For the moment we wi l l  con ce rn ourse lves wi th conute rcial 
e xtrasomati c ene rgy 1 forms on ly . Thi s  me ans that the data presented 
in thi s se cti on wi l l  de al with roc:> tor spirit2 , di sti l late , avi ation 
turbine fue l and aviation gasoline . In the overview papers o f  the 
Energy Poli cy P ro j e ct ( Newcombe , 19 79 ) we e s tab l ish the end use o f  
energy in th e  transport s e c tor i n  Lae whi ch , when counting a l l  energy 
use by vehi c les in al l sectors of e conomi c activi ty { de facto the 
convention )  , represen ts 3 1% o f  total ene rgy us e e xc luding bunker fue ls, 
or 5 8% including bunk e r  fue l s . To c lari fy , we mean by bunke r fue ls , 
in the conte xt o f  Lae , that ene rgy whi ch is acquired and s tored for 
shipping s ervicin g  the port o f  Lae , for aircraft refue l ling i n  Lae , 
and for trucks hauling cargo on the H ighlands H ighway out of Lae .  By 
excl uding the se bunke r fue ls we are le ft with a better es timate o f  
transport energy u s e  wi thi n  the Lae urban area 3 , acknowledgin g , o f  
course , that o f  the veh i c les whi ch us e the H i ghlands Highway a s  much 
1somati c energy : " That energy wh i ch is uti l ised , through the metabol i c  
processe s , wi thin a living organism" . E xtras ornatic ene rgy : " That ene rgy 
whi ch flows through or is uti lised by a human commun i ty and whi ch i s  
n o t  uti l i s e d  through metabolic processes within a living organi sm. 
2Motor spi rit is frequen tly referred to as petrol or benzene ; distil late 
as di ese l ;  avi ati on gas as ' avgas ' and aviati on turbine fuel as ' avtur ' 
or j e t  Al . 
3For the purpose s of the Papua New Guinea Human E cology P rogramme the 
Lae urban area is de fine d so as to include the area confined by the 
B usu Rive r to the wes t ,  the furthest boundary o f  the I gam Barracks 
compound across to the Swiss miss ion in a direct line to the north and 
the Markham River to the e as t  and the sea to the south . 
1 2 3  
a s  80% by n umbe r are pub li c mo tor vehi cle s ,  private cars and ut i l i tie s .  
The en ergy cos ts o f  mainta in ing the inputs to Lae wh i ch provide 
fo r its e conomi c and biologi cal survival are re flected in the s ize of 
i ts bun ke r fue l con s umption , and w i th bunker fuel s  at 2 7 %  of to tal 
ene rgy use , the s e  are clearly s i gni fi can t .  
Table 20 pre s ents the energy us e b y  vehi cle type for Lae during 
the s tudy period from July 19 76 to June 19 7 7 .  Bunker fue ls are 
in corporate d in th is table . Of total transport ene rgy use , road 
transport dominates wi th ne arly three-quarters of the total , w i th the 
other two cate go ries of  ai r transport a nd marine transport having a 
one- s i xth and a one- ten th share respective ly . 
Within the road transport cate gory , trucks for long dis tance 
haulage use the large s t  portion , 31% of the total . Roughly equal 
shares of about 20% are used by commercial and industrial veh i c l es , 
priva te motor veh i c les and publi c motor vehi cles . Road bui ld ing uses 
about 9 % , whi ch i n c l udes fue ls used by heavy machinery and Governmen t 
vehi c les uti l i s e  about 6% o f  tota l end- use . 
In the air transport sector , l i ght aeroplanes  use more than 
h al f the energy and j e ts of  the ma j or ai rline , Ai r Nuigini , use 38% 
o f  the total . 
The relative importance of e ach o f  the transport fue ls in use 
is indi cate d in Figure l5, a pie diagram. Dis ti l late fue ls make up 
hal f and motor spi r i t  one-third of total energy use by ene rgy va l ue 
(enthalpy ) • 
Trends in transport energy use 
If it can be ass ume d th at the n ational trends in transport 
energy use apply to the pop ulati on of  Lae , whi ch use s  10% of n ational 
transport ene rgy , then from the n ational data presented in Figure l 6 , 
energy use in transport i s  i n creasing rapidly in the Lae urb an area . 
In fact , on a nation a l  basis per cap i ta ene rgy use in the tran sport 
se ctor is i n c reas ing more rapidly than ene rgy use in a l l  other se ctors . 
On e  compli cati on wi th these data is that di s ti l late fue l s
. 
are an 
importan t industrial fue l , bei ng  used for boi ler feeds tocks in 
parti cular . However , the i ndustrial end-use of di s til late fue ls for 
non-transport en d us e s  is only one- quarter that for transpo rt in Lae , 
TABLE 2 0 ENERGY USE IN THE TRANSPORT SEC"IQR, LAE, JULY , 1 976 - JUNE 1 9 7 7  
Aviation Aviation Interna l Between 
Pe trol Die se l Gasoline Turbine Fue l TOTAL Sector Sector 
IDA.D TRANS PO RT 
Trucks - Long Di s tance Haulage 3 14 . 2 9 2 1 5 3 . 58 2 4 6 7 . 87 3 0 . 6 
Buses 1 0 . 68 6 3 . 00 73 . 68 0 . 9 
Comme rcial & I ndus tr ial Vehicles 
( I nc luding Company Cars) 798 . 4 5 905 . 9 1 1704 . 36 21 . l 
Gove rnmen t Vehic le s *  3 3 3 . 71 1 6 1 .  73 4 95 . 44 6 . 1 
P r i va te Motor Cars & Bikes 136 1.  2 8  172 . 2 8  2 . 1 
H ire Cars 1 7 . 04 1 7 . 04 0 . 2 
Publ ic Moto r Ve hic les 62 4 . 00 1 7 3 . 00 7 9 7 . 00 1 9 . 9 
Ea rth-Moving , Road Bui lding 
Con tractors 44 . 65 7 1 6 . 08 7 60 . 7 3  9 . 4 
S ub- TOtal 3 6 7 7 . 02 4 3 9 7 . 39 8074 . J 7  1 00 . 0 7 3 . 0 
....... 
N 
MARI NE TRANSPORT 
� 
Shipping - Bunk er fue ls in Lae 9 93 . 7 3 993 . 7 3 94 . 3 
P r ivate P leas�re Cra fts & Laun che s 6 0 . 05 60 . 05 5 . 7 
Sub-TOtal 6 0 . 05 993 . 73 1 0 5 3 . 28 1 00 . 0 9 . 5 
AI R.  TRANSPORT 
La rge Pas senger & Cargo P lanes 
( Inc luding Je ts )  ( Ai r  Nuigin i )  7 32-. 0 7  7 3 2 . 0 7 3 8 . 0 
Conunerc ial Light P lanes 926 . 85 5 7 . 88 98 4 . 3 7 51 . 1  
Gove rnment ( in c luding Army) 1 6 . 75 3 6 . 60 53 . 3 5 2 . 8 
Others 60 . 30 95 . 1 7 1 5 5 . 4 7  8 . 1 
Sub-TOtal 1 92 5 . 6 2  17 . 4  
OVERALL 'IUTAL 3 7 3 7 . 07 5 3 9 1 . 08 1003 . 90 9 2 1 .  72 1 1 05 3 .  7 7  1 00 . 0 
*See addi tional Table . 
Figure 15 
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an d i t  i s  un lik e ly th at thi s  relative end use i s  significan t ly 
di f feren t at the nationa l level . 
The trends indi cated in Figure 16 on th e use of rro tor spirit 
and disti llate close ly paral lel thos e in the re gis tration of mo tor 
vehicle s  indicate d in Figures l3 an d l4 . The regis tration of mo tor 
cars drops suddenly from 19 72 to 19 74 , as does motor sp irit consump­
tion , although th e re gis tration o f  corrune rcial vehic les , wh ich use 
pre dominan tly di s ti l late , does not e xhibit a de cline paralle l  wi th 
the de cline for di s ti l late in th at period . Despi te th is latte r 
anomaly the re is j us ti fi cation for taking the growth in distil late 
sales , as we l l  as p etrol s al es , as indi cative of the growth in demand 
for transport fue l s . 
The h is torical growth patte rn then , is for the end use o f  
transport fue l s  t o  increase a t  a n  ann ual rate o f  8% o n  a per capita 
bas i s , or more than double the rate o f  non- transport ene rgy forms 
excluding e le ctricity .  
Determin ing the nature o f  tra ffic in the Lae urban are a 
I t  is no t un co:rnroon for town planni ng consul tants or traf fic 
en gineers to insta l l  reroote con trol traffic coun ting devi ces along 
maj or roadways and , on the basis  o f  data collected , to s ugge s t  
further e xpan sion o f  the road network . I ndeed , where foot traffic 
or bicycle traffic is  negligib le , as in the suburbs o f  cities in 
indus trial ly developed countries , th is  te chnique may be appropriate , 
although re cent surveys in Great Bri tain and New York have discovered 
that foot tra ffi c has been greatly undere s timate d .  I n  Great Britain , 
41% o f  all trips are on foot , representing two-thirds of al l those 
trips whi ch are less than 4 . 8  krns ( Rigby , 19 77) . In developing 
countries , it  is usual for large numbers o f  people to trave l on foot , 
or by a great var ie ty of mus cle-powere d  transport forms like , for 
example , bicycles and rickshaws . 
Previous tran sport analyse s  in Lae , conducted ei ther by 
private consul tants ( Taylor and As sociate s , 19 71)  or by the Nationa l 
Department o f  Transport , have e xplicitly vi ewed transportati on as 
primarily motorised vehi cular transport by virtue o f  only moni toring 
thi s  se ctor of loc al tra ffic and reporting on e conomic and en gi ne ering 
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requi rements t o  further faci litate the development o f  motorised 
transportation . 
In th is  s tudy we were conce rn ed to eva l uate the means of 
tran sport ava i l ab le to the needy as  an important component o f  the 
total transpo rt network an d hen ce pe ople were employed as traf fic 
obs e rvers to en ab le us to capture data on foot traffic and on the 
occupancy rates of ea ch transport form .  In fact , pe rs ona l observation 
of traf fic provides a grea t deal more in formation than the me re 
dete ction of pas sengers and pedes trians . Tra ff i c  is the outcome o f  
social activi ty , and the minutiae o f  i t s  dynami c form are a re f le ction 
of what is actua l ly happen ing in the communi ty and of the dai ly rhythm 
of these a ctivitie s .  Sys temati c pe rsonal obse rvation of traffic is a 
much ignored source of ri ch in formation about the human e co logy o f  any 
urban population . 
The Survey design 
Two kinds of transport ne tworks we re monitored ; the ' forma l '  
transport network o f  publi cly s e rviced roads and pede s trian footpa ths , 
( Fi g . 1 7 ) , and the ' in formal ' ne twork of footpaths whi ch has evolved in 
response to the que s t  for the mos t  convenien t access to marlcets , working 
place s and so on , to and from the place of residence ( Fi g . 25 ) . 
For the formal transpor t  network , eleven checkpoin ts we re 
chosen whi ch represented important entry poin ts to the Lae cen tra l 
busi nes s di str i ct and indust rial area from the settlements and maj or 
highways . Thes e  che ckpoints are shown in Figure l7. E ach checkpoint 
was occupie d by an obs erver be tween 6 . 30 a . m. and 6 . 30 p . m. each day , 
these hours being de termined by the hours of darkne s s . Veh ic les were 
cate gorised as private car , taxi , bus , public motor vehi cle , he avy 
truck , ligh t truck ( le s s  than 3 tonnes ) , uti l i ty , motor bicycle and 
b i cycle . P eople on foot we re coun ted as e i th er with , or wi thout , 
goods . Goods are regarded here as commodi ti e s  other than sma l l  
pe rsonal e f fe cts . The n umber of people moving by each transport mode 
was re corded with the greatest accuracy pos sible . Each che ckpoint 
was mon i tored on two non- consecutive days ; one e arly in the week and 
one late in the week , in order to de tect and average out the e ffects 
o f  gre ater marke t ,  or other activi ty , towards the end o f  the working 
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we ek . An hours of f-peak moni toring of s e le cted che ckpoints was 
carried out on the weekend , e specially Sunday , to a llow an es timation 
o f  tot a l  week ly f low to be made and any change in transportat ion 
pat te rns on non-wo rking days to be noted . 
On one o f  the days of mon i toring at each posi ti on , for one 
hour on-peak an d one hour o ff-peak , a rep resenta tive sample of people 
walking pas t  the checkpoint in e i ther di rection was inte rvi ewed .  In 
all , 1 7 2  person s  we re interviewed.  Que s ti ons were asked which al lowe d 
an evaluation o f  the trip , i ts origin and des tinati on , and whe ther 
in fo rmal footpaths were use d  at any poi n t . Whe ther the person was 
employed or unemploye d was also aske d .  
A t  th e  end of the survey of the formal transport network , 
in forma l footpaths we re surveyed and mapped and a series of che ckpoints 
we re de te rmine d whi ch would e nab le an as ses sment of the f low of 
pedes trian traffic a long these footpaths . Moni toring then proceeded 
on a one to two hourly basis , both on and o ff-pe ak , on on e day for 
e ach of  the checkpoints se lected.  The qua l i ty of the footpath system 
was note d in te rms o f  obs tacles and hazards s uch as  mud , water and 
s te ep and s lippery inclines {Newcombe and Bowman , 19 78) . 
Traf fi c  patterns 
Tabl e s  i1 and 2 2  provide bas i c  data on the ob servations made at 
the e le ve n  ' formal ' che ckpoints o f  vehicle type , frequen cy and 
occupancy . In Table 4 the total numbers o f  vehicles pas s ing a l l  the 
che ckpoints over the twe lve hour period are recorded . The proportion 
o f  the total obs ervations made up by particular vehic les at e ach 
checkpoin t is di splaye d a cross the Tabl e ,  for ins tan ce , of cars , 4 . 4% 
of all obse rvati ons in thi s  s tandard period we re a t  Butib um  B ri dge , 
1 3 . 6% a t  Aircorps Road and so on . In p resenting data in th is way the 
assumption is made that there are negli gible d i f fe ren ce s in the 
frequen cy of tra ffic be tween the di f ferent re cord ing periods , as only 
one che ckpoin t was manned at any one ti me . These data show di s tinctly 
di f feren t patte rn s  of traffi c be tween che ckpoints . For example , 39 % 
o f  all heavy truck traffic is concentrated on roads passing th e two 
che ckpoin ts around the maj or industrial are a whi l s t  the private car 
traffic is he avi e s t  a long Coron ation Drive , the maj o r  trunk route to 
TABLE 2 J. PERCENTAGE OF niE TOTAL NUMBER OF VEHI CLES RECORDED IN THE TRAFFIC SURVEY AT EACH COUNTERPOINT 
l 2 3 4 5 6 7 8 9 10 11 
CoWl ter Butibum Ai rcorps Mil ford/ Markham Markham/ Huon/ Mil ford/ Huon/ Corona- lJniver- Taraka 
Pos i tion Bridge Road Air corps BOWldary Bumbu Fd .  Huon 7 th S t .  tion s i ty 
Vehicle To ta l.  
Type ( 12 hours) Percentage at each CoWlterpo s i tion Total 
car 16371 4 . 4  1 3 . 6 15. 9 4 . 6 4 . 3 9 . 0 8 . 4 1 2 . 5 2 1 .  3 5 . 1 0 . 9 100 
Bus 5 86 16 . 4  1 8 . 6 3 . 0  1 2 . 6  1 2 . 6  10. 8 5 . 0  4 . 3 2 0 . 7 3 . 5 2 . 6  100 
PMV 6 4 3 4  9 . 5 2 5 . 0 4 . 0 8 . 8 8 . 8 6. 2 3 . 8 6 . 2 1 1 . 4 6 . 0 4 . 5 100 ......., 
w ......., 
L. Truck 974 3 7 . 3 1 5 . 5 13 . 9  5 . 4 5 . 4 8 . 0 9 . 3 8 . 8 1 5 . 0 5 . 5 2 . 7 100 
Uti l i ty 7 354 6 . 2 1 7 . 4 1 6 . 8 4 . 4 4 . 4  7 . 0 8 . 5 8 . 1 1 7 . 3 4 . 2 3 . 1 100 
H. Truck 3 336 12 . 3 2 1 . 4 17 . 4  5 . 9 5 . 9 7 . 2 8 . 6 4 . 9 3 . 5 6 . 2 3 . 9 100 
Taxi 202 3 7 5 2 1 .  7 9 . 2 4 . 6 4 . 6  9. 4 5 . 8 6 . 8 1 7 . 4 6 . 5 2 . 3 100 
M. Cyc le 786 1 3 . 0 1 7 . l 1 1 . 4 3 . 2 3 . 2 6 . 6 8 . 5 7 . 2 18 . 2  5 . 6  1 . 1 100 
Pu s h  Bike 44 5 12 . 6  1 4 . 8 1 1 .  5 8 . 3 1 1 . 3 1 1 .  5 8 . 6 6 . 9 8 . 5 1 .  8 3 . 9 1 00 
To ta l  4 70 7 8  7 . 0  17 . l  1 3 . 6  5 . 5  7 . 5  8 . 5 8 . 4 8 . 4 1 6 . S 5 . 1 2 . 4  100 
TABLE 2 2  TRAFFI C  SURVEY MODAL S PLIT BASED O N  'IDTAL PEOPLE FLOW 
Coun ter 
Posi tion 
12 hour vol 
(pe ople ) 
Flow peak hr . 
Time begin 
Offpeak flow 
Time begin 
M od al  split ( \ )  
A/Peak 
Car 
Bus 
PMV 
L. Truck 
Uti l i ty 
H .  Truck 
Tax i  
Motor cycl.e 
Push b ike 
Pedes trians 
Pede s tr ians 
with goods 
To ta l  
B/Offpeak 
Car 
.Bus 
PMV 
L. Truck 
U ti l i ty 
H .  Truck 
Taxi 
Motor cycl.e 
Push bike 
Pede s trians 
Pedes tri an s 
wi th qood s  
To tal 
1 2 3 4 5 
B u tibum Aircorps Mi l ford/ Markham Ma rkham/ 
B ridgE? __ goad _ _ __ _ Ai rcorps Boundary 
15686 
1994 
1 6 . 3 0  
860 
1 3 . 30 
1 1 .  0 
6 . 0 
2 6 . 6 
1 5 . 8 
8 . 9 
6 . 3 
2 . 7 
0 . 5 
0 . 3 
14 . 7  
7 . 2 
100 
1 9 . 3 
3 . 7  
2 2 . 4  
9. 8 
1 3 . 3 
' 9 . 1  
2 . 4 
0 . 3 
0 . 6 
1 1 .  9 
7 . 2 
1 00 
3 6 0 0 0  
3 6 2 1 
1 1 . 3 0  
1 7 9 8  
0 6 . 3 0  
1 2 . 2  
7 . 9 
4 3 . 2 
9 . 9 
6 . 7 
4 . 4 
3 . 2 
0 . 6 
0 . 2 
7 . 9 
3 . 8 
1 0 0  
5 . 5 
3 . 8 
3 9 . 7 
1 9 . 9 
6 . 0 
6 . 1 
2 . 0 
0 . 2 
0 . 2 
14 . 3 
2 . 3 
1 00 
1 6 1 6 6  
1 7 9 6  
1 6 . 3 0  
8 8 9  
1 7 . 3 0  
2 4 . 6 
0 . 0 
1 2 . 9 
2 0 . 8 
1 4 . 3 
7 . 1 
1 . 1 
0 . 5 
0 . 4 
1 2 . 4  
5 . 8 
1 00 
2 2 . 4 
o . o 
1 2 . 4  
8 . 7 
7 . 3 
4 . 7 
5 . 0 
1 .  3 
1 . 0 
2 6 . 0 
1 1 .  2 
100 
1 2 980 
1 5 4 5  
1 6 . 3 0  
7 6 2  
1 3 . 30 
14 . 8  
1 2 . 4 
3 4 . 8 
1 4 . 3 
5 . 1 
5 . 4 
. 1 .  8 
0 . 3 
0 . 2 
6 . 9 
3 . 8  
1 00 
1 0 . 8 
1 3 . 1  
4 1 .  7 
9 � 3 
5 . 7 
6 . 0 
3 . 5 
0 . 2 
0 . 2 
7 . 3 
2 . 2 
1 00 
1 9 1 7 0  
2 2 94 
1 6 . 3 0  
14 19 
1 3 . 3 0  
1 0 . 5 
2 . 3 
3 5 . 0 
1 9 . 3 
8 . 9 
1 1 . 1 
2 . 9 
0 . 6 
0 . 3 
5 . 4 
3 . 7 
100 
8 . 6 
0 . 5 
4 6 . 5 
18 . 3 
1 0 . l 
5 . 0 
2 . 3 
0 . 3 
0 . 3 
5 . 9 
2 . 2 
1 0 0  
6 
Huon/ 
Bumbu Rd .  
1 5 9 0 1  
2 6 2 9  
1 6 . 3 0  
9 4 7  
09 . 3 0 
1 9 . 5 
7 . 3 
1 6 . 1  
1 8 . 5 
1 2 . 0  
5 . 2 
3 . 7 
0 . 4 
0 . 2 
8 . 6 
8 . 5 
1 00 
1 5 . 9  
8 . 7 
2 0 . 8 
14 . 9 
8 . 1 
4 . 9 
3 . 6 
0 . 2 
0 . 3 
2 0 . 4 
2 . 2 
1 0 0  
7 8 9 1 0  1 1  
Mil ford/ Huon/ Coronation U n iver si ty Taraka 
Huon 7 th St. 
9968 
1 2 3 0  
1 6 . 3 0  
5 62 
0 8 . 3 0  
2 6 . 3 
6 . 8 
1 3 . 4 
2 3 . 3 
1 0 . 3 
6 . 7 
4 . 1 
0 . 6 
0 . 6 
6 . 3 
l. 6 
1 00 
1 36 0 2  
1 3 8 6  
16 . 3 0 
7 9 5  
1 7 . 30 
28 . l 
. 1 . 1 
3 0 . 4 
1 9 . 7 
7 . 7 
6 . 2 
1 .  7 
l .  0 
0 . 2 
3 . 0 
0 . 9 
100 
2 3 . 2 3 4 . 7  
2 . 4 3 . 4 
1 2 . 6 2 6 . 4 
1 9 . 4  1 2 . 4  
1 8 . 0 7 . 4 
8 . 6 5 . 0 
4 . 5 3 . 3 
o .  9 1 .  3 
0 . 2 0 . 2 
8 . 7 4 . 9 
1 . 5 1 . 0 
1 0 0  1 00 
2 0 5 5 4  
1 97 5  
15 . 3 0 
7 5 9  
1 7 . 3 0  
2 7 . 2 
9 . 0 
2 8 . 0 
1 2 . 9 
1 3 . 4  
1 .  4 
2 . 9 
0 . 8 
0 . 2 
2 . 7 
1 .  5 
100 
2 7 . 7 
17 . 7  
2 8 . 5 
9 . 6 
3 . 7 
1 .  6 
5 . 4 
0 . 9 
0 . 5 
2 . 8 
1 .  6 
1 00 
9 8 5 6  
1 4 8 5  . 
1 6 . 3 0  
5 8 9  
0 9 . 3 0  
1 6 . 0 
4 . 9 
4 1 .  9 
14 . 6 
7 . 2 
1 0 . 2 
3 . 7  
0 . 4 
0 . 1 
0 . 8 
0 . 2 
1 00 
2 2 . 3 
4 . 6 
3 6 . 6 
1 9 . 9 
8 . 1 
5 . 6 
1 .  7 
0 . 7 
0 . 0 
0 . 3 
0 . 2 
1 0 0  
5 8 2 3  
1 2 6 3  
1 6 . 30 
2 98 
1 0 . 3 0  
6 . 9 
7 . 1 
4 2 . 1  
2 6 . 6  
7 . 0 
3 . 6 
2 . 5 
0 . 2 
0 . 2 
2 . 9 
0 . 9 
100 
5 . 8 
3 . 8  
5 3 . 9  
12 . 5  
1 1 .  2 
4 . 4  
2 . 3  
0 . 0 
0 . 7 
4 . 7 
0 . 7 
100 
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the central bus ine ss district . Al though overa l l  number s  are sroall , 
bicyc le traffic i s  evenly distributed among a l l  inner city locations , 
and on ly comparatively less at the checkpo int s that are six or seven 
miles out of town ( i . e .  Taraka and Unive rsity) . 
Tabl e 2 2  shows the total flow of people past each checkpoint . 
First ly , the number o f  people moving past each checkpo int in a twe lve 
hour period is provided . The range of people traffic volume s i s  from 
582 3 for the Taraka Settlement checkpoint which is one of the two 
di stant checkpoints , up to 36 , 000 for the che ckpoint at Aircorps Road 
next to the main produce market . Of course , in no case can the total 
movement s recorded at d i f ferent checkpoints be added to give a meaning­
ful picture of total vehicles on the road , or people on the move . 
S econdly , Tabl e 2 2  pre sents a detailed ana lys i s  o f  the number 
of  people trave l l ing by each transport mode as a percentage of tota l 
pecple traffic for the hours repre senting the peak and trough o f  
traffic a t  each place . The data pre sented in th is  sec tion of Table 2 2  
are thos e us ed to construct Figure 1 8  t h e  graph o f  on-peak and o ff-peak 
pede strian tra f f ic as a proportion of total people traffic for each 
checkpoint . The proportions of vehi cles o f  each kind and the people 
traffic at each checkpo int i s  ba s ic information for plann ing further 
development for either road sys tems or fac i l i ties  for pede strian and 
bicycle traffic . 
All of these data are sununarised in Table 2 3 whi ch indicate s the 
proport ion each vehicle type contributes to total traf fic ; the 
importance of each vehicle type as a mode o f  pas senger transport ; 
and the average occupancy of each vehicle type . From data pre sented 
in Tables 23 and 20 it can be calculated that pr ivate cars use 28% of 
the ene rgy used for pas senger tran spo rt , and that they repre sent 35% 
of  total traffic and carry 16% of  people recorded moving past the 
checkpoints . The average occupancy o f  maj or vehicle type s i s  1 . 8  for 
cars , 1 5 . 7  for bu se s ,  8 . 5  for public motor vehi cles ( PMVs ) , : . 5  for 
tax i s  and 2 . 9  for l ight trucks . The average occupancy for PMVs i s  
very low compared t o  a n  e stimated average capac ity of  2 5 - 3 0 . S ince 
PMV traffic is  14% of  the total and PMVs carry 30% of a l l  people 
travel l ing in veh icles , there i s  a considerabl e capacity for the 
e ffic iency of  their operat ion to be enhanced and be tter use of  the 
same transport in frastructure and transport energy to be made . 
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Figure 1 8  P ed e s t r i a n  T ra f f i c o r  n P e r c e n tuge of To t a l  
P a s s e n g e r  and Pede s t r i an Tra f f i c .  
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COU NTERPOS I T I ON 
* The s e • r e  max ima and m i n ima va l u e s  for foot tra f f ic as a 
pe r c e n tage of to ta l people tra f fic a t  each loca tion.  The va lues 
have been a ve raged f o r  the two days o f  recording . They a re not 
i n  d i r ec t cor r <' s 1 1cmd e n c e  w i t h the d a ta of Tab l e  5 whe r e  modn l 
sp l i t s o r e  s hown f o r  the µn r t i c u l a r  hour s at each loca tion when 
the f l ow of peop l e  wa s at i t s  ma x i mum and m i n imum . 
TABLE 2 3  AVERAGE FLOW OF TRAFFI C AT A F I XED LOCATION I N  LAE BETWEEN 6 .  3 0AM and 6 .  3 0PM 
Ave rage numbe r s  
o f  pa s s engers & P eop le modal 
Average * frequency pedestr ians pas s i ng Averaged people spl i t inc lud ing 
of ve hicles - % o f  Average the hypotheti ca l moda l sp l i t  at informal foo t-
Vehic le type 12 hours to tal vehicles occupancy average checkpoint checkpoints ( % )  path system ( % ) 
car 1489 3 1  34 . 8  1 .  8 0 . 3 2 680 
Bus 52 7 1 .  2 1 5 . 7 4 . 6 8 1 6  
PMV 5 86 2 2  1 3 .  7 8 . 5 2 . 9  4 98 1  
L. Truck 886 26 2 0 . 7 2 . 9 1. 1 2 569 
Uti lity 668 2 4  1 5 . 6 2 . 4 0 . 8 1 6 0 3  
H .  Truck 304 1 7  7 . 1 3 . 0 1 .  2 9 1 2  
Taxi 184 1 3  4 . 3  2 . 5 0 . 3 791 
r.t:> tor cyc l e  73 8 1 .  7 1 .  2 0 . 2 1 2 4  
Push B ike 38 6 0 . 9 l 0 . 0 38 
Sub- tota l s 4280 154 100 . 0  1 4 5 1 4  
Pede strians 2 0 36 
Informal Foo t-
pa� pede s trians 936 
Total 1 7486 
*We ighted ave rage of all checkpoints in propor tion to the ir re corded tra f f i c  vo lume s .  
1 6 . 2 
4 . 9 
3 0 . l 
1 5 . 5 
9 . 8 
5 . 5 
4 . 8 
0 . 7 
0 . 2 
1 2 . 3 
100 
1 5 . 3 
4 . 7 
2 8 . 5 
14 . 7  
9 . 2 
5 . 2 
4 . 5 
0 . 7 
0 . 2 
--
1 1 .  6 
5 . 4 * *  
-
100 
* *Thi s  de termination was based on a survey made of the informal foo tpa th ne two rks in Lae . The resul ting va lue i s  a 
minimum one , however ,  as no t al l o f  such foo tpaths we re mon i tored , and no re cord ings were made of transportation 
with in se ttlemen ts whe re roo s t  movement is on foot .  
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TABLE 2 3 - ATTACHMENT 
FOOTNOTES 
I n fo rma l  foo tpa ths ( for location s  A-M see F i gure 1 4 )  
Road sys tem coun te rposi tions inadequate ly cope with wa lkers on in formal foo tpaths at : 
A + B 
L 
M 
peop le moving to and from between Botanical Garden s and C . B . D .  
peop le moving between C . B . D .  and S andpipe r Street area 
people coming 2c ross B urnbu Bridge 
J , K + E - Butibum Road - C . B . D .  
Butibum Road - Markham Road 
Butiburn Road - Marke t area 
To de termine numbers us ing the se pos i tions I have looked at on-peak and of f-peak va lues fo r ea ch po si tion . I f  
the same , then they have been mul tiplied by 1 2 , i f  di fferent then I have as sumed 3 hours peak time/day and 
9 ho urs o f f-peak time . Thus : 
A 65 x 1 2  = 7 8 0  
B 3 x 1 1 0  + 9 x 56 = 834 
L 1 69 x 1 2  = 2 0 2 8  
M 3 3 8  x 3 + 9 x 1 2 9  = 2 1 7 5  
J 60 x 1 2  = 7 2 0  
K 1 2 8  x 3 + 7 7  x 9 = 1 0 7 7  
G 1 00 x 3 + 50 x 9 = 5 5 0  
To tal pedestrian s  a t  a l l  che ckpoints 
To tal people tra f fic 
4 3 3 7 1  
3 5 1 1 82 
- 2 days 
1 2 . 3 %  
- 2 days 
New pede s trians ( 8 1 6 4 )  x 2 to give two day flow + coun te rpo si tion pedestr ians ( 4 3 3 7 1 )  5 9 6 99 
1 7 . 0% total peop le 
tra f f i c  
1--' w 
O'I 
1 3 7 
Pede strian traffic is compared with the total people traffi c 
recorded at the checkpo in ts in the right -hand column of Table 2 3 .  Here 
it can be seen that the lowe st est imate of pede strian traffic , as a 
proport ion of total pede strian and pas senger tra f fic , is 17% , but not 
all of the informa l footpaths in Lae have been monitored in th i s  surve� 
a final figure for pede strian traffic of 20% of total people traffic 
is con sidered to be a rea sonabl e e stimate . 
In Figure 1 8 , for each checkpo int , a maximum and minimum per­
centage of total persons pass ing as  pede s trians is pre sented , as  we l l  
as a n  hypothe t ical average percentage f o r  any one hour . Tho se check­
points where the pede strian traffic , at certain hour s , exceeds 20 % of 
the tota l flow of people , repre sent maj or exit route s from populous 
settlement areas close to town , or , in the case o f  the Mil ford/H aven 
Aircorps Road and Aircorps Road checkpoint s , the ma j or workplace and 
marketplace re spect ive ly . The two lowe st leve ls  o f  pede strian traffic 
we re experienced at po ints about 9kms f rom town where it is obvious 
that wa lk ing i s  the least attractive transport opt ion , if the obj ect 
is to trave l to fac i l ities in town . 
The f luctuations in pas senger and pede strian traf f ic in 
re lation to one another over the recording pe riod are given in  
Figure s 19 to 2 4  for six selected che ckpoints where walking i s  a promin­
ent tran sport mode . I t  is signifi cant that in all case s pre sented 
pede strian tra f f ic exceeds , or is of the same order as , pas senger 
vo lume s in private cars . Di stinct patterns eme rge for the twelve hour 
per iod . The greate st pas senger loads for l ight trucks and util itie s 
are for the 6 . 3 0 - 7 . 30 a . m .  period and after the end of the wo rking day , 
from 4 . 00-4 . 3 0 p . m .  From observation i t  i s  cl ear that dur ing the se 
pe riods commerc ial ly or industrially-owned vehicl e s  are carrying the ir 
employees to and from the workplace . In the industria l area ( Figure l U  
the number o f  passengers carried by this mode exceeds a l l  others ri ght 
throughout the day and in a l l  situations it exceeds or is close to the 
mo st important pas senger veh i c le mode for the morning pe riod pr ior to 
the beginn ing of the work ing day , that i s, between 6 . 3 0 a . m .  and 7 . 3 0 a . m .  
A fairly consistent diurnal pattern o f  weekday traf fic exist s 
for other pas senger vehicles and pede strian tra ff ic . General ly , there 
are pe aks centred on 7 . 3 0 a . m .  and 4 . 3 0 p . m .  with a sma l l er peak at 
about midday . Thi s pattern i s  varied s ignificantly only for the central 
� 
ll. 0 fll ll. 
""' 
0 
ex: fll 
� 
1800 
1600 
1400 
1200 
1000 
SOO 
600 
400 
200 
1 38 
Figure 19 Diurnal Tra f f i c  F low : B u t ibum Br i dge 
TOTAL 
/\" 
I \ 
I \ 
I \ 
/' ' PUBLI C I \ 
/ ' ,,, -.. , I . . \ :<::_� -:::r-�·-··. 
..-
', I / . .  -: . .. 
• ....- . \WALK /"·. . 
' ,,,. -
-
j 
:·· 
.
;."' . ..
. .· ' , ....... / • • LI GHT+ \ I "· '·. 
..i 
. ... 
• UT I L I TY v· ... • 
· , . .
. �:-: . . 
• • • •
• •
• / )t . . . . . , / .. · ...... "' ..,.  -- Ill CA R  ,,., .. ,. ,. ,. "" ..  ... • IC )I 
,. _  · - - � - ,. - "" ..,. "' ,. ,. ,,.. ,.. ,. "" " ,. .. .oc. ,,, ,. 
c :  '.30 
AM .  
u .  3 0  1 0 . 3 0 
TIME 
BEG I N  
1 2 . J O .2 . 3 0 
PM . 
� ll4 0 � p. 
� 
0 
� 
I 
4 100 
3700 
3 300 
2900 
2 5 0  
2 10 
170 
1 300 
900 
SOO 
1 39 
Figure 20 D i u r na l Tr a f f i c F l ow :  A i r�orps Rd .  
/ 
/ 
TOTAL 
/ 
/ 
/ 
/ 
/ 
/ 
. .  
I 
I 
/ 
I 
I 
I 
" 
• • LIGHT+UT I L I TY 
. . . 
\ 
\ 
\ PUBLIC 
\ 
\ 
\ 
........ ..._ / 
I 
lOV'-��..._�__.��-'-��-'-��.l-�--'��...L.��-'-�__JL-�--1��...J 
6 . 30 8 . 3 0 1 0 . 30 
TIME 
1 2 , J O  2 . 3 0 4 . 3 0 
PM . 
2 100 
1900 
1700 
1500 
lal � 0. 
0 lal 0. 
IM 
0 
et: 1000 lal 
� z 
800 
600 
400 
2 0 0  
I 
I 
' I 
' I 
' .,,1 
\ 
1 4 0  
Diur n n l  T r a f f i c  F low : Markham Rd . /Bound ary Rd . 
I 
I 
TOTAL 
I\ I 
/ \
\ 
PUBLIC 
I \ 
I 
I 
I 
/' ....... ....... 
\ W/\I .. K 
}C :..W· · · , 
· · .  """' ......... . . .  ....... . .  . . . - · · ..-
. ......... . . 
. . ---
CAR c • • " " "' "' " ,._ " ,. ..,.· � " "' x " JC ,_ ,. "j( x • 1( 
• le )(  
6 . 3 0 0 . 3 0  
AM . 
1 0 . 3 0  
T I ME 
BEG I N  
1 2 . 30 2 . 3 0 
,. . . ..- · 
4 . 30 
PM . 
Cil 
H 
P-4 
0 
� 
Po. 
� 
0 
p:: 
Cil 
� 
::::> 
z 
1600 
1400 
1200 
1000 
600 
400 
1 4 1  
F igur e  2 2  D i u r n a l  T r a f f ic F low : M i l ford H av�n Rd . /Ai rcorps Rd . 
TOTAL 
.
. 
LIGHT+UTILITY 
)I ....._ PUBLI C )14 ,_ )ll )IC. )' J1C )I • ' "  )A. )A. JiC. ""  'tit )C ,.. )C "' " • 
\ CAR "' >& >C 
>c ... \. )c -"<.. • '- WALK 
)f. •• .-- · ·· -.;;·. 
,.. J} A >\ . • ••. / JC � )l  .)( Jie.A )tl./• ' ··· / )c 
• ,. ' .M ' I 
.. '\. .· ·,-: � / ' . 200 >< ' · · · \. _, ._ _ _ _  ,,,, ,,,,. " �  . /· / ......... . 
)I -- . • • \. /j ' / 
6 . 30 
AM .  
-- · v ' /  
8 . 30 10 . 30 
TIME 
BEG IN 
1 2 . 3 0  2 . 30 4 . 30 
PM . 
1 2 0 0  
1 0 0 0  
2 00 
14 2 
F igure 2 3 D i u r na l Tr a f f i c Fl ow : Mil ford Haven Rd . /Huon Rd . 
F i g ur e  1 2  D IU RNAL TRAF F I C  F LOW : 
MI LFORD HAVEN RD . /  HUON RD . 
. . 
. . . . 
JC 
,.. JIC • >I )le 
� / '  ..-
• • • • )It ,.. / ' " ... >e. >' " • - . ... • / )( lit  Jt "  -- ,.  � - ,.,(... )( ,. CAR � M_..? -- , .t'UBLIC 
....,. _ ... ,. �- - ....,. ,. ./ � ' )C ,,,,.. JC - - / ,. ' ,. .  '/ )( )& " ............ / 
• • ' /  WALK '· ·  . . · ,,,,,, . . . _ . . . _ . . . ...... . . . ........ . . . - ... . _ . . .
....... . . . ..-- · · · -- · · · ........ . . . 
. ,.-. 
6 . 30 8 . 3 0 10 . 3 0 
TIME 
BEG IN 
1 2 . 3 0 2 . 3 0 4 . 3 0 
AM .  PM . 
1400 
1 2 00 
1000 
800 
400 
200 
1 4 3  
F igure 24 Diurna l Tra f f i c  F low : Mark ham Rd .  
TOTAL 
. . · I· .\ 
· . . . 
l ., LIGHT+UTI LI TY • >< /WALK • . 
• • • • • • • •  • 
• 
• 
- ,. 
"'
JC 
•• • • • • • • • 
• • • 
• 
• • • • -
)C 
,. x. . ·.., • •  -- · · · -- - · . ,  
• • 
� JC � • •  --·· · ,  JC \ •-. ,,; • .� PC )C "'IC � • / " •• 
... � "' �  ' - )C  _ ,.  • • � )I �" • • • -- ,. )c .. / � ,_ ,_ " >' CAR • • • - • • • 
6 . 30 8 . 30 10 . 30 12 . 30 2 . 30 
AM . PM . 
1 4 4  
market area where passenger vo lume s  for private car s , public tran sport 
and pede str i an traffic peak around 1 1 . 3 0 a . m .  
Pedestri an traffic along informal footpaths 
We have documented subs tant ial pede strian traffic along ma j or 
roadways ; along either we l l  or poorly defined footpaths or merely 
along the unprepared verge of these roads . Whi le the magnitude of 
thi s  pede str ian tra ffic should st imul ate dec i sion-making i n  favour of 
augmenting pede st rian safety and movement , there i s  a fur ther consider­
able volume o f  pede strian traffic away from the maj or vehicular 
transport route s .  That part of the ne twork which i s  out side the 
settlement s  and wh ich conne cts low income settlement areas with work­
places , market s  and key inst itutional areas and recreat ion zone s is 
shown in F igure 25 . The numbe r of people us i ng these footpaths at the 
checkpoints A to M is given in Table 2 4 . It is d i f f icul t to accurately 
predict the l eve l o f  double count ing o f  people who used both the 
footpaths along roadways where there were checkpoint s and the i n formal 
footpaths which were monitored . However , in our estimation , between 
5% and 8 %  of the comb ined to tal of pede strian and pas senge r traffic is 
carried by informal pedestrian ways . This make s foot traffic in Lae , 
outs ide of the settlement areas , to be in direct compet i t ion with 
vehicular traffic , at perhaps 20% o f  total comb ined pedestrian and 
pas senger traffic . 
Somatic energy use in transport 
Somatic , or muscle energy , der ived from food eaten , is put to 
work by people for transportation e i ther by walking or peda l l ing 
bicycle s .  In Lae , bicycles carry l e s s  than 0 . 2% o f  total pedestrian 
and pas senger traffic and road condit ions do not encourage their use . 
Even so , local sales of bicyc le s are i ncreasingly steadily , according 
to local dealers , and are now at the leve l of six to eight per week . 
Neverthe less , wa lking is the ma in out let of somatic energy use for 
per sonal mobility and in thi s report we have demons trated its importance 
relative to vehicular transport . But the data pre sented so far have not 
indicated the distances people wa lk and therefore the total somat ic 
energy use in the j ourney to work , to market and so on remain s unc lear . 
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TABLE 24 TRAFFI C VOLUMES OF I NFORMAL FOOTPATHS 
COUNTERPOS I TION 
A .  Cen tral Avenue/Botani c Garden s  
B .  Cen tra l Avenue/Huon Road 
c.  Botan i c  Gardens/Erica 
D .  Botanic Gardens/Huon Road 
E .  Markham Road/Ai rcorps Road 
F .  Markham Road/Mi lford Haven Road 
G .  Markham Road/E splanade 
H .  Esplanade 
I .  Butiburn Road/C . B . D .  
J .  Huon Ro ad/Markham Road 
K. Markham Road 
L. Seven th S tree t/Sandpiper S tree t  
M .  Bwnbu Bridge 
* No count made . 
PEAK HOURLY 
RATE 
67  
l l O  
101  
80 
2 0 5  
9 4  
1 0 0  
80  
34  
6 5  
128  
* 
3 38 
OFF P EAK HOURLY 
RATE 
60 
56 
58 
51 
1 3 0 
7 7  
5 1  
7 0  
2 8  
5 5  
77  
1 6 9  
1 2 9  
1 4 7  
P late 2 :  In forma l  footpath , Lae , 19 7 7  
1 4 8  
In order t o  gather thi s information , a sample of  pede strians 
pass ing each checkpo�nt was interviewed to a scertain d i stance trave l led 
or intended to be travel led . Table 2 5 provides thi s  in format ion and 
from these data and those used to construct F igure l 8  we can e stimate 
the average d i stance trave ll ed per person per trip as l . 4 3krn .  By 
multipl ying this figure by the recorded pede strian population we get 
the total k i lome tre s walked ( exc ept ing smal l  double-counting )  1 .  The 
somatic energy costs of  thi s  trave l , which is roughly 0 . 2 3 mega j oules/ 
kilometre , i s  7 2  x 10
5
MJ for the year . Thi s  can be compared to the 
extrasomatic energy for petroleum fuel s  used fo r road transport in Lae 
of 7 3 1 4  x 1 0
5
MJ , excluding earth moving of 761 x 1 0
5
MJ for 1 9 7 6-1977 . In  
fact , from data gathered from the Department of  Transport in Lae ( G .  
Beaver , per s . comm . , Department o f  Transport ,  1 9 7 7 ) on the de stination 
of  vehic l e s  by vehic le type along the Markham Highway we have estima ted 
that 3 2 00 x l0
5
MJ are used in t ravel to the Markham Vall ey ,  Wau-Bulolo , 
Nadzab Airpor t  and the H ighlands ( see Appendix 1 ) . Thi s  reduces road 
transport energy use in the Lae urban area to 4 11 4  x 1 0
5
MJ for the 
reference year , and of thi s  reduced amount the muscle energy u sed in 
transport ing the 2 0% o f  the population who move on foot i s  2 . 0% .  
Tabl e 25 contains additional information enabl i ng the con struc ­
t ion o f  a pro file o f  the average pedestrian . Gene ral ly , 59% were 
emp loyed , 1 3 %  were students and 2 8% were unemployed . Of those 
interv i ewed 9 3 %  ei ther preferred to walk , or pre sumably find it too 
expensive to travel by othe r mean s ; the remaining 7% mostly use 
vehi cular transpor t to move around . With regard to the future 
development o f  the transport i n  Lae it i s  of  great intere st to note 
that two-thirds of the re spondent s  take shortcut s ,  or as defined in 
thi s  report , take informa l footpaths ( see P late 2 ) .  
Scenarios for the future of pe r sonal t ransportation 
one of the dif ficul t areas of the deve lopment debate is that 
which que stions the nature and content of an improvement in the quality 
of l i fe , and by implication , the compo s ition of human we l l -being . Even 
1 Table 8 indicate s that 9 5 %  of the pede strians were to make the return 
trip . So the figure o f  2 . 86krns i s  used in thi s  calculation . For the 
average day , 2 1 , 685  people pas sed by all checkpoints on foot . By 
including pedestr ians us ing informal footpaths thi s figure be come s 
about 2 9 , 8 50 . 
TAB LE 25 RESPONSES BY PEDESTRI ANS TO INTE RVIEW QUES TIONS 
Ave . d i s tance 
for trips No . who No . who No . who 
No . o f  be ing made No . making No . No . No . No . who ma in l y  u s e  main ly wa lk take 
re spon d en ts (Km) re turn trip emp loyed s tudents unemp loyed mainly wa lk vehic l e s  on roads shor tcuts 
B utibum B ridge 2 3  2 . 3 2 3  1 3  1 9 2 3  - B 1 5  
Air corps Rd .  2 5  3 . 1 2 4  1 4  2 9 24 1 9 1 6  
Mi l ford/Aircorps 2 3  3 . 8  2 2  1 5  6 2 2 0  3 7 1 6  
Ma rkham * 
Markham/Boundary 1 0 * *  3 . 2  10 7 - 3 1 0  - 5 s 
H uon/B umbu 1 9  3 . 5 18 14 4 1 18 1 8 1 1  
Mi l ford/Huon 2 5  3 . 1 2 2  1 5  7 3 2 2  3 2 2 3  
lluon / 7 th S t . 1 9  1 .  9 10 1 1  - 8 16 3 6 1 3  
Coron a t ion 2 0  2 . 9 18 12 1 7 1 9 1 8 1 2  
Un i . /Taraka 8 * *  3 . 9 8 1 - 7 8 - 3 5 ........ � 
\.0 
To tal 17 2  1 .  43+ 166 102 21 4 9  160 12 56 1 1 6  
\ o f  To ta l  100 9 6 . 5 5 9  1 3  2 8  9 3  7 3 2 . 6  67 . 4  
* No i n te rv i ewing a t  th i s  checkpoin t 
• •  On ly one hou r  o f  i n t e rviews • 
+ Th is repr e s e n ts the weighted average d i s t ance travel led by a ped e s tr ian per one-way trip , because the 
proportion of pedes trian s  interviewed to tota l  pedes trian flow at each checkpo i n t  ha s been cons idered . 
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though increas ing the qua l i ty o f  l i fe i s , as an abstract concept , a 
universally agreed upon goal for deve loping countries , the nature o f  
the component parts o f  which qual i ty of  l i fe i s  a l l eged t o  be compri sed 
is  a matter of individual percept ion , and is  there fore highly sub j e ctive . 
Nowhere i s  the controver sy surrounding the qua l i ty o f  l i fe i s sue more 
c l ear than in re spe ct of owner ship o f  the private car and its rol e  in 
economic deve lopment in the Third Wor ld . In th i s  section , we intend to 
prov ide no more than ba sic i n formation on the impl icat ions of pos s ible 
future trends in pr ivate transportation , po stulat ing in each case a 
movement away from legs or pede strian traffic , to public motori sed 
transport and then , in turn , to the pr ivate car . Figure 2 6  i s  the 
diag rammatic repre sentation of  the relat ive energetic e ff i c ie ncy and 
current importance of the ma j or public transpo r t  mode s  in terms o f  
mov ing people around the Lae urban area . Figure 2 7  i s  a graphic 
repre sentation o f  the increase in per capita energy use which would be 
experienced if the re were a 2 . 5 % and 1 0 %  intermodal transfer betwe en 
pede st rian traffic , public motor vehicle s and pr ivate motor car s . I n  
e f fe ct the calculat ion here i s  t o  ascertain the tota l per cap ita energy 
use for each year , i f  between now and the year 2 0 0 0  people moved from 
walking to us ing publ ic t ran sport ,  and away from public tran sport to 
pr ivate motor cars at the rate of 2 . 5% ,  5% and 1 0 %  of the popul at ion 
remain ing in each group at the end of each year , starting with the 1 9 7 7  
con figuration . This  h a s  be en done f o r  the Lae population o f  1 9 7 7  and 
for the known cro s s - sect ion of the popul ation us ing each transport mode 
at that time . Current population growth rate s are bui l t  into th i s  
model which al lows f o r  a 3 %  natural growth i n  the urban population and 
an addi tional 2 %  due to migration which come s on a 50/50 ba s i s  into the 
pedestrian and public tran sport user categor ies . The mathematical 
ba s i s  of  the model is  appended ( see Appendi x  3 ) .  
Start ing with the 1 9 7 6/ 1 9 7 7  figure s of  petrol eum energy 
re sour ce s used to move an individual around Lae by car and by PMV it 
can be seen , from the range of  po s s ibil itie �  r�� sented here , that a 
shi ft to pr ivate car use , from wa lking and through trave l l ing on PMVs 
wi l l  increase transport ene rgy requireme nt s ,  for pa ssenger transpor t 
only , from between six and twelve fold by the year 2 000 , as suming per 
capita con sumpt ion of energy of PMVs and cars remains at 1 9 7 7  leve l s . 
Fi g .  26 
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Re lati ve E n e r g e t i c  E f f ic i e n cy a n d  t h e  C u r re n t  Imµortance o f  
Ma j o r  P ub l i c  T ran spo r t  Mode s in Lae . 
ENERGY % PEOPLE % 
3 %  
2 0 %  
1 5 %  
CARS 
152 
Figure 27 Transport Energy P ro j e c t ion s 19 7 7- 20 0 0 .  
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Emerging i s sues and po licies 
Tran sport energy use must be put in pe rspe ctive wi thin both 
the Papua New Gu inean ene rgy and gl obal ene rgy context . The so-called 
' globa l ene rgy cri s i s ' ,  brought into prominence by the oil embargo of 
the We st by the OPEC nations in 1 97 3/ 7 4  is , more than anything el se , 
a cri s i s  in the ava i l abi l ity of l iquid pe tro l eum-ba sed fue l s  for 
transport .  Whi le demand for those energy forms is  very large ly 
generated by the North American and We stern European nations , the 
inevitable deple t ion of the se re sources dur ing the next 15 to 30 years 
(WAES , 19 7 7 )  wi l l  have potent ial ly severe repercus s ions for sma ll 
Third World nations such as Papua New Guinea .  Al ready , within the 
Papua New Guinea economy , motor spir it and distil late for tran sporta­
tion repre sent the ma j or i ty of the tota l energy demand and eve n  now , 
real prices o f  transport fue l s  at the main por t s  are greater than in 
Austral ia and double U . S .  prices . Al so , balanced rural development 
wi l l  remain a dream as long as  the real price of transport fue l s  in 
Papua New Guinea ' s  High lands and remote island s i s  up to four time s 
mainport price s . Dur ing the sevent i e s  the price o f  pet rol in Papua 
New Guinea ro se 1 . 5 t ime s faster than the con sumer pr ice index , 
reflecting the more general and serious trend fac ing the non-oil 
producing Thi rd Wor ld . The real price inc rease o f  oil for them , as 
a pe rcentage of th eir gro ss nat ional product , wa s far more se rious 
than for the industria l i zed countries ( see Powe l son , 1 97 7 ) . 
Within the Lae urban ecosystem t ransport fuel s compri s e  5 5 %  
of total ene rgy u s e  i f  the neces sary function o f  bunker fue l s  is  
regarded as a legi t imate part of local ene rgy flow .  I t  i s  a l so c lear 
that in the economy as a whole the growth rate in demand for tran spor t 
fue l s  is double that for other fue l s  such as fue l oil , LPG and kerosene , 
with the exception of e lectricity . From the se facts it i s  clear that 
despite the t iny volume of Papua New Guinea ' s  l iquid transport fue l 
requirements in re l ation to global demand , further growth in the use 
o f  the se fue l s , that is  o f  motor spirit and d i s t i l late , at the historical 
leve l i s  l ikely to make Papua New Guinea and , in consequence , the we ll­
being o f  i t s  citizens , critical ly rel iant on an increas ingly scarce 
and expensive commodi ty . This is  j us t i ficat ion al one for a close 
analys is  o f  the opt ions which now pre sent themselve s ,  on the bas i s  o f  
t h i s  and other re search , for reducing futur e rel iance t o  a level which 
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does n o t  threaten economic o r  po l itical secur ity a t  the nat ional l evel 
and doe s not hamper the capac ity of Papua New Gui neans to secure the ir 
survival requirements and to exper ience a growth in their perce ived 
qua l ity of l i fe .  
The que st must now be for the mo st soc ia l ly opt ima l  use of 
relative ly scarce tran sport fuel s  and for the forward des ign o f  trans­
port sys tems and technol ogy to achi eve de s ired goa l s  with min imum 
energy cost . Th is  implies three components of an overal l  s tr ategy ; 
con servation , sen s i t ive soc ial and urban planning , and the devel opment 
of alternative , local ly-available ,  renewable energy sources for 
transportation . 
Soc ial and urban planning 
I l lich ( 1 9 7 4 )  and his colleague s ( Jean Robert , et al , CIDOC , 
Mex ico) have alerted us to the soc ial impl ication s o f  a high- speed 
motori sed transport system and the analys is  undertaken in thi s  res earch 
further i l luminate s their the s i s . I l l ich claims that any tran sport 
system designed to cater for travel in exce s s  of 4 0  kph is  bound to 
di stort expenditure in favour of the motorised el ite and make low cost 
and ef fective mobil ity increasingly di fficult for the maj ority . Thi s 
has been regarded as an e soteric concept in the industri a l ized We st , 
for even if inte l l igible to planners , motor ised tran sport systems have 
extraordinary momentum and change come s reluctant ly . But for Papua 
New Guinea the val idity of I l lich ' s  concept is much more readily 
apparent . 
In Papua New Guinea two elements o f  futur e transportation are 
al ready clear ; one , univer sal acce ss to a pr ivate car is , regard l e s s  
o f  de sirabi l i ty , impo s s ible ; and two , since the tran sport mode of the 
ma j ority of rural dwellers is walking , it  is  this  form of mob i l i ty 
which is most compa tible with the exi sting pattern of soc ial inter­
ac tion , and which wi ll continue to dominate in a vil lage socie ty . 
Muscle energy i s  not only the cheape st of the renewable ene rgy forms 
but , because of its universal avai lability it is one which gen erates 
the greate st soc ial equi ty ; an important goa l  of Papua New Guinea ' s  
nat ional deve lopment strategy . 
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B i cycle technology 
The e ffi ciency with wh ich muscle ene rgy is  used is  almost 
doubled by trans lat ing it  into work through bicycle technology , a 
technology which make s man ' s  muscles as effic ient in generating 
movement as i s  found for speciali sed anima l s  such as  birds (Tucker , 
1 97 5 ) . The additiona l re source requirement s  for bicycle tra f f ic are 
minimal , involving only the energy cos t  of  constructing and maintaining 
the bicycle through i t s  l i fetime and the material requiremen ts of 
bicycle paths . In the early stages of the development of bicyc le 
networks ,  dual footpath and bicycle path sys tems are compat ible and do 
not cause a reduction i n  sa fety . There i s  no que stion , on the other 
hand , that the rapid development of a motorised transportation network 
to the exclusion of low speed muscle-driven systems has resul ted in 
serious increase s in mortal i ty/morbidity in the Third Worl d  communitie s .  
Pedal power , as  i t  i s  be st known , offers much more than an 
e ffic ient and cheap transport system . Apart from adapting bike s for 
haul ing cargo , the te chnology can be adapted to stationary appl ications , 
such as water pump s , winnowers , grain gr inder s , hydraul ic pumps and 
winches ( Reddy , 1 9 7 8 ) . The technology i s  al so adapt ive to the develop­
ment o f  an industry technology and can be regarded a s  a step-off point 
towards the creation of  a truly indigenous technologi cal capabil ity . 
After all , the rise of the Ja�ane se economy i s  alleged to have be en 
based initially on the evolut ion of  a Japane se bicycle spare part s 
industry leading on to the local production of bicyc l e s  ( Jacobs , 1 9 7 2 ) . 
A previous government commi ttee of inquiry into transportation in Papua 
New Guinea recognised the value of bicycle technology to national 
deve lopment and to ef fect ive low cost t ransportation ( Commi s s ion of 
I nquiry into Standardisat ion of  Se lected Import s , 1 9 7 5 ) , and , earl ier 
than th is , town planning consultants ( Taylor and Associate s ,  1 9 7 1 ) 
recommended bicyc le paths for Lae . Both o f  the se report s have had 
demonstrably l i tt l e  e f fect on faci l itating bicy c l e  transportation as 
a soc ially accepted tran sport mode . 
There is a great need to plan town and rural areas around the 
use of bicyc l es and to del iberate ly cater for pede strian traffic as  
oppo sed to development that i s  exclus ive ly orientated towards the use 
o f  motorised transportat ion . Plate 3 is an aerial photograph of the 
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Omil i  low c o s t  hous ing settlement in Lae . I t  i s  obvious that 
convent ional Australi an-conceived suburban planni ng has provided the 
mode l ,  and that , implicitly , the key determinant of the layout o f  thi s  
hou sing sett lement was access t o  the household door for pr ivate ly­
owned motor vehic l e s . Data pre sented in thi s report show that whi l e  
Papua New Gui nean s ' ownersh ip o f  private motor vehic l e s  h a s  doubled 
between 1 9 7 2  and 1 97 6 , it is leve l l ing off at only 2 , 5 00 out of a 
total population o f  2 , 900 , 000 people in 19 7 7 .  Clearly , many o f  the se 
cars are owned by re s idents o f  high covenant hous ing i n  town s and 
citie s , whi l s t  much l e s s  than 5 %  o f  low cos t  housing commis s i on 
dwe l lers own cars now , or are l ikely to own cars in the foreseeable 
future . So the construction of roadways giving acc e s s  for motor 
vehicle s to each house is a considerable waste ; at least 1 5 %  of all 
land in exi s ting hous ing commi s s ion settl emen t s  i s  used for roadways . 
All  that i s  required i s  public transport acc e s s  to the pe riphery o f  
conven iently sized blocks under settlement , with a foot and bicyc l e  
path network leading off it  a n d  servic ing , ul t imate ly , individual 
hou se s .  Only minimal parking space i s  required on the per iphe ry for 
private vehi c l e s  or institutional vehic le s on loan . The re s t  o f  the 
land could be used for al lotment garden s ,  play a reas , communal ly 
al located zone s for meet ing hall s , �e source centre s ,  health centres 
and the l ike . Thi s  alternative pattern of deve lopment , of acc e s s  
roads for heavy transport and public motor vehicl e s  t o  the per iphery 
of settlemen t s , and foo t and bicycle paths within , permits a u se of 
spac e which a l lows maximum expr e s s ion of cul tur a l ly compat ible patterns 
of soc ial interaction , and social ly opt imum use of valuable ground for 
gardens and for play areas away from the constant danger o f  inter­
ruption by high- speed motor vehi cle s . 
Thi s  returns us to the fundamental point of soc i a l  equi ty i n  
the distribution of re source s .  I n  t h e  present mode of urban p lanning , 
a large por tion of land with high opportunity cost and wi th a 
signi f i cant share of communi ty taxe s i nve sted in it , give s maximum 
bene fit to the very few people who use private motor vehic les .  Our 
data show that 20% of the population use their legs for transportat ion 
out side o f, and perhaps 90% within , the settlement areas , and tha t  5 5 %  
use public motor transpor t .  To a l imi ted extent , the se populations 
are interchangeable for , as  our re search into dome s t ic pat terns of 
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P late 3 Ae rial photograph o f  the Om.i li low cos t  hous ing se ttlemen t , 
Lae , 19 7 7  
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energy u s e  show� people walk o r  take publi c  motor vehi c l e s  as  often a s  
determined b y  their pre sent financial circumstances . However ,  data 
pre sented in Table 8 show that on ly 7% of walkers ' usual ly ' take 
passenger vehic les . 
As part of the Papua New Guinea Human Ecol ogy Programme a 
proposal was drawn up for the Lae City Council {Newcombe and Bowman , 
1978 ) which detailed informal footpath ne tworks , and recommended 
pol icies to augment faci lities for foot and bicyc le traffic . The 
expenditure programme proposed included co-operation with local 
industry in the promotion of bicycl es . One industrial group ARC-TITAN , 
a steel fabricating company , already operate s a subsidi sed bicycle 
purchase scheme , encompas sing the use of bicyc l e s  as an alternative to 
using trucks to pick up employees ( except during incl ement weather ) .  
Other industrie s have agreed to j oin thi s  scheme i f  the Lae City 
Counci l  adopt s a pathway construction programme and public i ty promote s 
the use of bicycles . Industry would al so be invited to spon sor bike 
rac ing in the Morobe Province . In July 1 97 8 , the Lae City Counc i l  
allocated K2 0 , 000 { US $ 2 9 , 000 ) for foot and bicyc l e  pathway con struction 
for the following six months . Thi s  should mean the construc t ion of 
about 3kms of footpaths and bicyc le paths dur ing that per iod . 
Conservation of transport fue l s  
O f  course , our capacity t o  conserve transport energy depends 
on the human habitat we have des i gned . For example , the relative 
spacial location of homes , gardens ,  industry , shops and commercial 
services , market s ,  school and recreational fac i l ities is  a key determin­
ant of the amount of transport energy needed for a local re s id ent to 
uti l i se any o f  these fac il it ies . 
In the previous sect ion we stre ssed the importance o f  improving 
fac i l it i e s  for the use of musc le energy and for giving status to 
muscle-dr iven forms o f  transportation . It is a l so obv ious that the 
further the d istance between urban facil ities important to survival 
and human we l l -be ing the higher the energy co st of subsi stence , and 
the greater the dependence on imported energy forms j ust so people 
might interact wi th the ir env ironment to secure their survival . Clearly 
then , the planning o f  hous ing settlements must consider not on ly the 
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internal arrangements of houses vis a vis one another , but al so the 
spat ial relat ion ship that the housing settlement bears to the rest o f  
the urban sett lement . To plan with the re source and social costs o f  
traver sing di s tances in mind is t o  take an initiative adapt ive t o  a 
future in wh ich the cost , or even the absolute availabil i ty , of 
appropriate t ransport fue l s  wil l  severe ly penali se disper sed human 
sett lement pattern s . Thi s  is a penalty the poor on the urban fr i nge 
wil l  pay more heavily than the rest of the urban population (Newcombe , 
1 9 7 8 ) . 
It is al so important that urban settlements be designed so as 
to reduce the demand of the urban populat ion on expensive imported 
commoditie s and to fac i l i tate to the greatest extent po s s ible bal anced 
rural v i s  a vi s urban development . I f  urban settlement s are designed 
in such a way tha t  people cannot do without motor transpor t thi s  wi ll 
mean le ss energy wi l l  be avai lable for agr icul tural deve lopment in the 
rural area s . It is obvious that , if properly pl anned , the latter is 
the mos t  productive use o f  scarce energy resource s .  
S ensible forward p lann ing o f  settlement s al lows the nat ion to 
take maximum advantage of more s imple con servation mea sure s such as 
increas ing the energy e ff iciency of motors , and inc rea sing the 
occupancy of vehic les . So great is the use o f  motor transport in the 
Uni ted State s that an increase in the average effic iency of motor 
tran sport by one mile per ga l lon wil l  decrease the national energy use 
for a l l  purpo ses by 1% (AIP , 1 9 7 5 ) . It can be calcul ated for the Lae 
urban ecosystem that increas ing the fuel economy of truck s from l . 8 K/l 
to 2 . 0  K/l would save 5 %  o f  total road tran sport fuel s .  Even though 
1% of U . S .  energy use is 400 time s the ene rgy use of Lae , in terms of 
the Papua New Guinean economy a 5% reduc tion in road transport ene rgy 
use would be a s ign ificant gain in overall sel f -rel iance . 
We have been quite expl ici t  in previous sections that a rapid 
growth in pr ivate car owner sh ip is not a de sirable trend from the 
viewpoint of equi ty in the publ ic consumption of taxes embodied in the 
transport system , or in terms of the social costs of high- spe ed motor 
transportat ion in re sidential area s . It is also clear that as a 
tran sport mode , the private car uses a di sproport ionate amount of 
energy to carry people over the same d i stance when compared with 
public motor vehicles . For instance , private car s in Lae use roughly 
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twice the amount o f  ene rgy to transport hal f the people carried by 
publ ic motor vehic les . The implications of a shift of only 2 . 5 %  o f  
the public motor vehicle population t o  pr ivate motor cars at their 
present occupancy and fue l economy is that the energy cost of personal 
transport wi l l  increase seven fo ld by the year 2 000 . The cost to the 
country in strategi c terms , or in te rms of foreign exchange , could be 
considerable for what amounts to an ine f f ic ient use of resourc es by an 
elite . We have found thi s to be the case already in Hong Kong 
( Newcombe , 1 9 7 9 ) . 
Dis incentive s for the use o f  private motor vehic les c an come 
through increased taxes on petrol and increased regi strat ion costs . 
In addition , the energetic efficiency , or fuel economy of imported 
private motor vehic les and industrial and commercial vehic le s should 
be regulated by Goverrunent . 
The average occupancy rate o f  public motor vehic le s o f  8 . 5 is 
also very low compared to an upper l imit of , s ay ,  2 5 . In Hong Kong 
the equivalent transport form of mini-buses achieve s a l oad f actor of , 
on average , 7 1 . 4 % ,  which would be equivalent to between 18 and 20 
pe rsons for the public motor vehicle s in Lae (Newcombe , 1 9 7 5 ) . The 
Hong Kong load factor was obtained by tight contro l on the number of 
vehicl e s  licensed to carry pa s sengers and wa s based on con stant 
monitoring of vehic le occupancy and of the ef fectivenes s  o f  public 
motor vehicles as a transport mode . Such control would not only 
increase the energetic e f f ic iency o f  public transport in Papua New 
Guinea , but would ensure the economic success of l oc a l  entrep reneur s 
in the public motor vehi cle busine s s . 
One final point about energy conservation in transport is that 
it should begin at home . The Papua New Guinean Goverrunent in its 
various forms , has 780 vehicles in its Lae fleet . Goverrunent ene rgy 
use is almost 1 0 %  of total end-use of road transport fue l s  in the Lae 
urban area and apart from the savings it could initiate by careful 
buying and vehicle use , it sets a poor example for the development of 
a susta inable future . Our ' street corner ' observation routine led us 
to the view that goverrunent employees use of motor i sed transpor t wa s 
unre stricted and without regard to the expense of the fue l or of 
maintenance costs . This is a pattern learned by example from the 
Austral ian administrat ion and one that is pas sed on readily to the use 
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of industrial and commercial vehicle s ,  and can lead to a n  unnece ssary 
re l iance on private motor cars for per sonal tran spor tation . 
It seems prudent to re -evaluate the need for present l eve l s  of 
motor vehicle use in government , department by department , and to 
inve stigate the introduct ion of pedal vehicles wherever they match the 
end-use requirement s for tran sport . 
Alternative transport fue l s  
Once again only tho se alternative fue l s  which are loc a l ly 
available and renewabl e wi l l  be con sidered here . The fol l owing are , 
by this defin i t ion , potent ially viable a lternative energy sources for 
tran sport in Papua New Guinea ; power alcohol , charcoal , palm o i l , 
electric ity , hydrogen and methane gas . Table 26 pre sents the se fue l s  
i n  re spect of their origin , avai labi l i ty and potential end use . 
Palm Oil 
The oi l that can be extracted from the kerne l s  of a number of 
pa lms ( e . g .  Elaeis Guinl lus is , Orbignia Martinana , "Babassu Palm" ) 
can be used al one , or in blends with diesel in diesel engines . Brazil 
has a lready demon strated thi s potent ial by extract ing the oil of its 
Baba ssu palm for thi s  purpose . In the North We st of Braz il there are 
fores t s  with natural ly occurring stands of Babassu palm wh ich when 
tended regularly provide improved and regular yields of kerne l s  of 
10 to 1 5  tonn e s  per hectare . Plantations of Baba ssu palm , grown for 
energy farming , yield at least 30 tonne s per hectare . Brazil has a 
pre sent production of 4 mi l l ion tonne s of kerne l s  and a planned 
production for 1985 of 40 mil l ion tonne s .  Each tonne o f  kerne l yields 
75 l itres of ethanol , 4 0  l itres o f  oil and 1 5 0 kg of charcoal , thus 
the Br azil ian target production is for 3 , 000 mil lion litres of ethano l 
and 1 , 600 mi l l ion li tre s  of oil from Babassu palm by 1 985 ( Stumpf , 
197 8 ) . 
The Dutch botan ist and agronomist Van Meulen , pioneered the 
use of Babassu in Indone sia and then in Brazil . His claim is that 
if grown succ e s s fully on otherwi se low-produc tivity grasslands , cal led 
TABLE 26 ALTERNATIVE TRANSPORT FUELS 
ENERGY FORM 
Palm Oil 
Charcoal -
produc er gas 
Alcohol fuel s  
( ethanol and 
me thanol ) 
Hydrogen 
Methan e Ga s 
(B iogas is 
60- 70% me thane ) 
O RI GIN IN PNG 
Palm Tree sp . 
( eg Baba ssu 
palm) 
Wood was te s , 
Firewood 
pl antations 
Notably Cassava, 
sugarcan e ,  wood 
Ntpa and Sago 
palm 
CONVERS ION 
TE CHNOLOGY 
Oil extraction 
equipment 
Kilns , 
retorts 
Yea s t  in 
fermentation 
towers , or 
wood gasif ica­
tion to 
methanol 
Electrolysis of Electrolytic 
water wi th hydro- cell s 
power 
Sewer;age & o ther Bioconver sion 
organic waste chambers for 
anaerobic 
decompo sition 
TEOiNOLOGY OF 
END-USE 
Unmodified diesel 
engine 
P roducer gas 
coupled to 
pe trol engine s 
Unmodified and 
modified pe trol , 
diesel and j et 
engine s .  
SUITABLE 
TRANSPORT END- USE 
ships , trucks , 
trains and bus e s  
Trucks , bus e s  
and tra ins 
Cars , trucks , 
bus e s  (ai rcraft? ) 
Direct combustion Aircraft and 
internal modified road vehic l e s  
combu stion engine 
or electric mo tor s  
through fuel c e l l s  
S tandard interna l Al l road vehicles 
combustion engines 
with modified fuel 
feed sys tems 
COMMENTS ON 
POTENTIAL 
Costs as a fuel 
yet to be 
e s tabl i shed through 
indus try al ready 
exi sts produc ing 
oil for food at 
2 9 t/ l i tre FOB PNG . 
Proven technology , 
costs to be e stab­
li shed for PNG for 
thi s end-use , though 
full costs are llt/ 
li tre o f  pe tro l  
equivalent . 
Proven techno logy , 
costs for mas s  pro­
duction 1 6t/l itre for 
al cohol from molasses 
CIF LAE , 2 5- 3 0t/li tre 
for cas sava der ived 
a lcohol . 
Commercial technology 
not avai labl e ,  perhaps 
5 - 2 0  year s .  
P roven technology , 
costs competi tive in 
PNG . Soon to be 
demon strated . 
f-' 
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Kunai gra s s l ands in Papua New Guinea , and that planting with Babassu 
palm can be the first step towards the r ecovery of the se gra s s lands 
for combined agricultur al and fore stry use s . There are vast areas of 
Kunai gras sl ands in Papua New Guinea which r epresent a terminal state , 
under pre sent geological and cl imatic cond itions ,  after cont inued 
fir ing of tropical fore sts in both the highlands and the lowlands . 
The loss of the se fore sts repre sent s a serious decl ine in ove rall 
produc tivity and carrying capac ity , espec ially on steeply sloping 
country , and is a sign of marked imbalance in man -environment inter­
act ion in the se ecosystems . The retrieval of these now impoverished 
gras sland ecosystems to state s of high and sustained yields o f  energy 
and agri cul tural product s would be a tran sition of great signi ficance 
to Papua New Guinea and a boost to its present pronounced pol icy of 
rural development . 
Apparently there has been no experience of Baba ssu palm within 
Papua New Guinea , and so its potent ia l as represented here remains 
speculative , based on its performance in other plac e s . There is every 
reason to inve stigate i t s  use in Papua New Guinea for the gains that 
can be made are considerabl e whi l st , if a failure , the e f fort lost is 
minima l . Babas su palm doe s  not yield kernels of any volume until its 
8th year , so a care ful l ong term programme would have to start soon if 
th is re source is to make an impact on transport energy needs in a 
decade s time . 
The Phil ippine researcher Cruz ( 1 97 8 )  has demonstrated the use 
o f  coconut palm oil in die sel engine s .  He has shown that unrefined 
coconut pa lm oil is combusted with a s  high an ef fic iency a s  di stillate 
when burnt in an unmodi fied die sel motor . The pre sent price of coconut 
palm oil make s  this practice prohibitively expen sive in Papua New Guinea 
when the FOB pri ce for coconut oil is 2 9t/l (A. Shepherd , Department o f  
Pr imary Indus try , per s . comm . 1 9 7 9 ) . However the use of a bl end o f  
coconut o i l  and ethanol in 1 : 10 rat io is l ike ly to be e conomic for 
outboard motors in the Sepik River areas where a ful l  feasibil ity for 
sago-al cohol wi l l  proceed in 1 980 . Here the high cost of coc onut oil 
woul d have a very sma l l  impact on the pr ice o f  the oil-ethanol blend . 
164 
Charcoal 
Charcoal fired produc er gas units have been used in many 
countries when oil shortage s have occurred due to war or economic 
disrupt ion . Conver sion units gas ify charcoal in the vehic le and feed 
the gas to a conventional gas combustion engine . The minimum weight 
of a conver s ion un i t  is about l OOkg which l imits their use to public 
motor vehic le s and trucks rathe r than to private car s (Earl , 1 97 5 , p . 3 6 ) . 
One tonne of charcoal is equival ent to 7 2 0  litres of petrol under normal 
conditions . For the usual three tonne trucks and public motor vehic les 
operat ing in Papua New Guine a this mean s that l OOkg o f  charcoal would 
be enough for j ourneys of 2 2 0  and 384kms , re spective ly . Charcoal­
fuel led vehic les would be particul arly compatible with the development 
in rural areas of either smal l  pyrolytic converters , or charc oal kilns 
or retorts to convert dispersed fore stry or agr icultural wa stes to 
charcoal . Hundreds of small charcoal manufacturer s could sel l the ir 
produce to deal ers along the ma j or highway rou te s .  Gene ral ly the energy 
source shoul d  be a wa ste of l ittle value or e l se wood from dedicated 
short rotation eucalypt fore sts . At K75 per tonne for charcoa l , a pr ic e 
which guarantees a fair return to smal l  holders ,  the pric e of the 
equivalent of a gallon of petrol would be 50t , compared with a rea l 
price for pe t rol delivered to rural areas of from 2 to 1 0  time s that 
amount . Earl ( 1 9 7 5 )  also reports the fact that Sweden operated 1 00 
trains on producer gas unit s  in the ear ly 1 9 4 0 ' s  and point s to the 
obvious po ssibility of cheap train systems in tho se deve loping 
countries which have adequate raw materials for charcoal production . 
There has been a recent revival of intere st in portabl e  
producer gas units for cars and trucks , as wel l  a s  a re -evaluation o f  
the costs of r e trofitting gas/oil boil ers with gasi fiers for wood or 
bioma s s  fuel s  ( Reed et al , 1978 ; Ba i ley , 1 97 9 ) . The thou sand s of 
gasifiers whic h  operated dur ing World War Two in Europe were , however ,  
fairly crude device s . Ac cording to the scientist who had responsibility 
for the Br itish producer gas programme during the war , Profe s sor Thring 
of Queen Mary College , London University , the ac id tar s and o i l s  
(pyro lytic fue l s )  in the g a s  condensate had a disas trou s effe c t  on 
engines , greatly reducing the ir l i fe (pers . comm . S .  Joseph , I TDG , 
London , 1 97 8 ) . Commercial uni ts are ava ilable from Switzerland 
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( Roth Co . )  and from Japan ( ' Checoco ' gasi fier s ) , and there i s  a great 
deal of research now into gas i fiers using ' downdra ft ' uni ts , which 
clean the pyro lytic off-ga ses a s  they pa ss back through the bed , 
alleviating the corrosive e f fects on eng ine s . Re search is be ing 
conducted at Pega sis Co , Wa shington , on the se new producer gas units 
and at Davi s ,  Cal ifornia (using walnut shel l feedstock ) to produce a 
crack pyro lys is gas for transportation . Here the o f f -gases are 
produced from a bed fed with oxygen and not air , ef fec tively removing 
Nitrogen from the gas stream and increasing the energy density of the 
o f f -gas to 0 . 8 1 MJ/kg , about doub le norma l produc er gas . Thi s higher 
energy density make s gas storage more economic ( Goss , 1 978 ) . Both 
Volvo and Saab have experimenta l Versions of e f f i c ient c l ean producer 
gas units ( Vo lvo , per s . comm . 1 9 7 9 ) . The problem of engine derating 
has not be en solved for the new technology . Volvo reports a 50% 
power derating for Volvo sedans . In the highland s  of Papua New Guinea 
a partial loss of power wil l be a ser ious prac tical and cultural 
problem facing the introduction of producer gas units for transporta­
tion . However ,  in the flat coastal regions of Papua New Guinea the 
producer gas units (down-draft ve rsions ) are l ikely to be an attractive 
option with coconut palms and she l l  converted to charcoal as the fue l . 
Al coho l fuel s  
Ethanol and methanol can b e  produced from any organic feed­
stocks contai ning e i ther sugar , starch or cellulose . Ethanol is 
produced from the fermentation of sugar s ,  commonly from sugarcane 
juice or mola s se s , the tradi tional sugar industry byproduc t ,  but also 
f rom cas sava , sorgham , maize , sugar and fodder beet and a l l  grains . 
In the basic starch f eedstocks enzymatic hydrolysis is required to 
convert starch to sugars for fermentation . Ethanol can also be 
produced by acid hydrolysis of the c e l lulose in wood . In Papua New 
Guinea , in addition to most of the above me ntioned feedstocks , sago 
palm ( Metroxylon spp . ) and Nipa palm ( Nipa Prutican s )  can be uti l i sed 
because of their high starch content on the f ermentable sugars in 
their saps ( Hutchinson , 1 94 1 ; Foxwor thy and Mathews , 1 9 1 7 ; see also 
Chapter 2 )  . 
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Alcohol fuel s  can be burnt as mixtures with conventiona l 
transport fuel s  or directly . Ethanol and methanol c an be burnt in 
mixtures up to 2 5 %  with petrol in standard spark ignition motor s 
withou t modif ication , and pure al cohol burning engines have been 
designed and tested by Volkswagen ,  Ford , Fiat , Volvo and Chrysl er in 
Brazil ( S tumpf ,  1 978a ; Koenig et al , 1 978 ; Br itish Consul ate General , 
Braz il , 1 97 9 ) . Al cohol bl end s  are feasible for compr es sion ignition 
or die se l engines a s  we ll , despite cl aim s  tha t the hygroscopic nature 
of alcohol fuel s ,  and their poor lubric ity , makes them un suitable for 
thi s  appl ication . A combination of 80% ethanol and 2 0 %  diesel oil 
have be en operated , knock free , with the al coho l be ing introduc ed via 
a carburetter , and the diesel oil by inj ec tion . Troubl e  free operation 
is assured at 40% a lcohol and 60% diesel under thi s sys tem ( S tumpf , 
1 978a ) . In New Zealand there is confidence that a 90% a lcoho l  and 
10% diesel mixture can be operated successful ly and tests on 95% 
ethanol in ' dua l - fue l ' diesel motors are proceeding in West Germany 
under the supervision of the German Minis try for Re search and 
Deve lopment ( NZERDG , 1979 ; Plassman and Bandel , 1 9 7 9 ) . 
Alcohol fuel s  have been used for t ransportation many times 
during thi s  c entury in Europe , United Kingdom , Australia , United 
S tates and Braz il . Sweden sold a 2 5 %  ethanol blend for ten years 
dur ing the 1 94 0 ' s  and 195 0 ' s ,  called " lattbentyl" ( P leeth , 1 94 9 ) . In 
Australia in the early 1 94 0 ' s  a S enate Select Committee recommended 
large-scale expansion of al cohol fuel production from plant material 
and it was compulsory to have at least 1 . 5 % alcohol in petro l  sold in 
Queensland ( Commonwealth of Austra l ia , 1 94 1 ; Hutchinson , 1 94 1 ) . The 
She l l  company sold a 20% ethanol blend in Queensland and New South 
Wal e s  dur ing and after the Second World War (pers . comm . Shel l ,  Papua 
New Guinea ) . In all instance s  the production of al cohol fuel s  
c eased because of the availability of cheap pe troleum product s  i n  the 
1 9 5 0 ' s  and 1 960 ' s .  However ,  since the oil crisi s  in 1973 -74 , the 
price of petroleum products ha s risen to the extent that alcoho l  fuels 
are regarded once again by many countries as a viable medium to long 
term option . 
Brazil began its National Alcohol Progranune - NPA in 1 9 7 5 . In 
that year it produced 4 1 4  mil l ion l itres o f  alcohol , 3 6 %  of which wa s 
fuel . In 1 9 7 6 , alcohol fu el production wa s 800 mil l ion litre s , and 
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in 1 9 7 7 , 1 , 1 2 7  mi ll ion li tre s progres sing towards a target produc tion 
of about 3 , 000 mi ll ion litres for fu el in 1982 ( Hammond , 1 9 7 7 ; Yang 
and Trindade , 1 978 ; S tumpf , 1978 ) . Sinc e  June 19 77 , the City of Sao 
Paulo , with 1 mi ll ion vehic le s ,  ha s operated on a 2 0 %  bl end of ethanol 
in petrol and a demonstration fleet of 3 00 volkswagens operate on pure 
alcohol . In 1978 the 2 0 %  blend was extended to several other ma j or 
cities reaching 1 1 %  acros s Braz il on average in that year . Alcohol 
production in Brazil has tradi tional ly been from mola sses and linked 
to the size of sugarcan e  production for the world market , but now 
sugarcane juic e  is be ing converted to ethanol from over-produc tion 
sugar and the maj or al ternative al cohol crop , cas sava (Manihot 
esculenta , Crantz ) i s  being investigated . Braz il is already the 
large st producer of cassava in the world and the move to cas sava­
al cohol is log ical in terms o f  its need fo r rural deve lopment . Start­
up tests were run in early 197 8 on the world ' s  first maj or cas sava­
alcohol plant , a 60 , 000 litre per day fac i l ity . The cost of cassava­
alcoho l  at the service station in early 1 97 8  was estimated to be the 
same as petrol ( taxed price )  at US $ 1 . 62/gal lon , compared with sugarcane 
alcoho l at US $ 1 . 50/gal lon and the al cohol fixed pric e at US $ 1 . 3 4/gal lon ; 
this latter figure being based on molasses produc tion . Early problems 
with the curve lo cassava-alcohol plant appear now to be solved (Novo 
Industries ,  1 9 7 9 ) . The se problems included both supply of tubers and 
s tarch separation and hydrolys i s  deficiencies . 
The Brazil ian programme is a valuable i ndication of the 
potential of alcohol fue ls for Papue New Guinea . Current 1 98 0  prices 
for petrol in Papua New Guinea are 2 9t/litre ( Kl . 3 2/gal lon , 
US $ 1 . 91/gal lon ) at mainports and an average of 3 5 -4 0t/l itre in real 
terms for the entire hinterland , with pr ices as high as Kl . 00/litre in 
some very i so lated areas . General ly cas sava i s  the most attractive 
early option as a dedicated alcohol fuel crop for Papua New Guinea , 
although the alcohol fue l s  potential o f  sugarcane and fores try wa ste 
pro ducts are very s ignificant ( see Chapter 2 ) . Fo l lowing the indication 
of potential expre ssed in the earlier ver sion o f  the se transport papers 
( Newcombe et al , 1 978 ) a cassava -alcohol indus try was examined for the 
highland s region of Papua New Guinea . After a year of pr eliminary , 
then detailed inve s tigation , a two mil lion litre per annum cas sava­
alcohol indu stry for the Baiyer River area of the Western Highl ands 
Province has been initiated between the newly formed Energy Development 
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Company of Papua New Gu inea , and Davy Pac ific of Melbourne , Au stralia 
( see Newcombe et al , 1 9 8 0 ) . 
This facil i ty wil l cost Kl . 7 8 mil lion ( 1 97 9  Kina ) , and shows 
an IRR of greater than 1 5 %  with the most like ly starting price of 
3 0t/li tre for ethanol at the factory gate in the third quarter of 
1 98 1 , the start-up date . Thi s facil ity is proposed by �he Department 
of Mineral s  and Energy as a pioneer for smal ler , rather than larger 
indu strie s ,  a strategy compatible with both the national ene rgy 
s trategy and the country ' s  development s trategy . The ethano l produc ed 
wil l  be blended at 1 0- 1 5% in motor spir it at service stations in Mt . 
Hagen , 4 0  kilomi tre s away, for regional di stribut ion . The pump price 
for the bl end wil l be 6-7t/litre higher than the factory gate price . 
During 1 980 two maj or feasibi l i ty studies will be conduc ted , 
one in the North (Markham Val ley ) and one in the South ( Port More sby 
region ) on sugarcane/cassava alcohol compl exe s to feed 6-15 mill ion 
l itres/year industries for the mainports of Lae and Port Mor esby , and 
dis tribution po ints beyond . Early indications are that ethanol can be 
produced for about 2 2 t/l itre at the fac tory gate for a 10 Ml/year 
indu stry . Both facil ities ar e planned for ful l produc tion by late 
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A 3 0 , 000 tonne per annum sugar industry i s  planned for the top­
end of the Markham Val ley which extends out from Lae . I f  thi s indu stry 
proceeds then 4 . 2  mil l ion l i tres of al cohol could be available from 
molasses at 1 6t/litre CIF to Lae each year from 1 983 onward s ( Bookers 
I nternational , 1 97 8 ) . Thi s  price i s  very favourabl e to a bl end ing 
programme at todays ( 1 98 0 )  petroleum price s .  
I n  addi tion to the molasses-alcohol from this sugar industry , 
al cohol production could be augmented in two ways : sugarcane juice 
a l cohol from over-produc tion , or dedicated sugarcane to al coho l  
production and a cassava- sugarcane compl ex . Ethanol from over ­
production cane , inc luding tops , can b e  produced i n  the Bundaberg area 
of Queensland for about lO t/l i tre raw material costs ( Bull and Batstone , 
1 97 8 ) . It is l ike ly then , that over -produc tion cane from the Markham 
Valley could produce al cohol for about the same co sts as from molasses , 
at 16t/l itre at Lae . A 1 0% over-produc tion of cane from a 3 0 , 0 00 
tonne/year sugar indus try would yield 21 , 000 tonne s of exc ess cane , or 
about 1 . 7  mi l l ion li tre s of ethanol . 
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The second opt ion , of combined cas sava and sugarcane 
cropping , is attractive because it make s better use of ex is ting 
di stil l ery fac i l i tie s and of the exc ess baga sse from sugar 
production , which can be used for fuel for distill ing cassava 
alcohol , if neces sary . Distill ery facil ities are usually only 
in use for hal f  the year at solely sugarcane proces sing p lants . 
I f  cas sava were produc ed to the level at which the d i stil lery 
c apac ity was fully utilized , a further six mi l l ion litre s of 
alcohol could be produced (distill ing capacity min imum of 12 
mi l l ion litre/year ) , requiring 1 2 0 0  hectare s of cas sava cropl and . 
Pro j ec ted cos t s  of ethano l from this kind of combined operation 
in Queensland are about 6t/ l itre ( 1 9 7 8  Kina ) for raw materia l 
costs . This ethanol is l ikely to be competitive wi th c onven­
tiona l  transport fuels at ma in ports in Papua New Gu inea ( Bul l 
and Batstone , 1978 ) . 
The o ther ma in option for ethanol or me thano l produc tion 
for Lae , and indeed for Papua New Guinea as a whole , is to use 
wood as a feedstock . New Zealand and Brazil are among st the 
most advanc ed countrie s in evaluat ing the wood-a lcoho l option , 
for each ha s thoroughly inve stigated the potential for achieving 
long term s e l f-suffic iency in transport fue l s  ( CTP , 1979 ; NZERDC , 
1 979 ; DS IR , 1 978 ) . The New Zealand Energy Research and 
Development Committee recommended for immediate progress towards 
the operation by 1 98 2  o f  a 50 ODT/day wood gasi fication methanol 
p lant leading to a fu lly commercial 500 ODT/day plant by 1 987 /88 
( NZEDRC , 1 97 9 ) . Brazil ians wil l have a 3 0  ODT/day and hydrolysis 
plant produc ing ethano l from wood at Lorena by mid-1 98 0 ,  and 
expect that commercial operation of the 3 0 , 000 l itre/day level 
wil l  fo llow .  The S tate of San Paulo wi l l  have the first o f  
four 1 0 0  ODT/day wood gasi fication to methano l plants a t  Jupia 
by mid-1 981 ( Newcombe , et a l . ,  1 98 0 ) . 
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I t  has been estimated for New Zealand that one hal f-mi l l ion 
ha plantation of high-yielding fore st spec i e s  could provide all 
of New Zealand ' s  transport requ irement s by the year 2000 
( Cousins , 1 9 7 8 ) . 
Thi s  New Zealand and Brazil ian progress is of considerabl e 
importanc e to Papua New Gu inea because , as indicated in Chapter 
Three , within the Lae region in 1 978 , sawmi l l s  generated about 
7 2 , OOO ODT/year , virtual ly on a sus.tainable bas i s1 . I f  non­
renewable i ndustr ial-conunercial energy demand was met entire l y  
from thes e  wood-wastes , 2 9 %  of thi s resourc e would b e  util iz ed 
by 1 98 5  and 60% by the year 2 000 . I f  we regard the wastes 
r emaining after convers ion by pyrolys i s  to industrial fuel s  
as availab l e  f o r  alcohol produc tion , w e  have 106 , 000 ODT availabl e 
in 1 98 5  and 60 , 000 ODT in the year 2000 . Wastes co llected from 
the forests are available for K2 4/0DT , and tho se at the saw mil l s  
for about K5/0DT , chipped r eady for conversion ( M . Page , Forest 
Conversion Techno logy , CSI RO , Vic toria , Per s . Conun . , 1978 ) . 
Using rec ent costing s  of the wood-hyd ro lysis to ethanol route 
supp l ied by Dr Brian Earl ( Chemical Eng ineering , Univers ity 
of Canterbury , New Zealand ) observing economic trade-offs between 
size of produc tion and forest wastes in the field can be 
conve rted for about 2 0t/litre , which is roughly the same cost 
as the first quarter o f  1979 petrol pr ice s  at the main port s  
in Papua New Gu i nea . 
Because the mass produc tion alcohol technol ogy is only 
in the earl y  developmental s tage , the earliest time that a 
convers ion fac ility can be put on l ine in Papua New Guinea is 
1From total fores t  wastes and cul l s  of 2 , 3 1 0  ODT used over 
3 0  years . 
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like ly to be in the 1 98 5 - 1 9 90 period . Thus , here we wi ll not 
consider alcohol as availabl e  from this source until after 1 9 9 0  
in our e stimates of renewabl e ene rgy supply t o  Lae , but ,  5 2  
mill ion litre s wil l  be considered availabl e  i n  the year 2000 , 
r epre senting the then surplu s wood-wa ste of 60 , 000 ODT per annum 
when converted at 50% energy effic ienc y  to ethanol . 
In the 1 9 90 ' s  we bel ieve tha t the pr ice of growing wood 
just for convers ion to alcohol wi l l  be competi tive with imported 
petroleum and probably not s ignificantly di fferent from the 
pri c e  of al coho l  produced from wood-waste . Eucalypts (�. grandis , 
� - robusta )  are now produced in the Wahg i Swamp in the Western 
Highland s of Papua New Guinea for Kl 5/0DT , which is the pric e 
inc luding royal ty at which thi s  wood is available from nearby 
tea factor i e s  for fue l . S inc e the crop would be systematically 
laid out and managed for effic ient harvesting , with yields of 
be tween 20-40 ODT/ha/year , the tran sport savi ngs of this option 
over scavenging for wood-wa ste would probably compensate for 
the fact that the wood -waste is free . Leucena leucocepha la 
(var . giant ) is a good species for ethanol produc tion in 
the l owlands ( NAS , 1977 ) . Poorly managed Leucena crops have 
alr eady yielded 15 ODT/ha on gravel - laden soils at the Univer sity 
o f  Technology . Short rotation forests ( Leucena or Eucalypt s )  
ought t o  yield al cohol for 2 5 -3 0t/l itre at the pump i n  1 978 
Kina terms , by the 1 990 ' s ,  for the se are the costs being 
suggested for 50 mil l ion l itre production facil ities for 
cassava , sugar-cane and wood , today ( Smythe , 1 97 8 ;  
Mccann and Princ e , 1 978 ; Earl , 1 978 ; Whi tworth , 1 9 7 8 ) . 
Thi s means that by the 1 9 9 0 ' s  the entire road and sea 
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transport energy requirements of Lae could be economically met by 
a l �ohol fue l s ,  if the pr ice of imported fue ls i s  1 . 5  times the pre sent 
price in real terms and a l l-alcoho l engines were commercially 
competitive with conventional petroleum engines .  
Although alcohol fue l s  could theoretically satisfy mo st of the 
demand for transport energy in Lae by the year 2 000 , strategic ally , it 
wi ll be sound to di stribute some of the alcohol fue ls produc ed in the 
Morobe Province to the nearby highlands or coastal areas . In othe r 
words , the potential for the Lae reg ion to become self-suffic ient in 
transport fue ls is merely to be regarded as an indi cation of the 
viabil ity o f  a renewabl e energy strategy for Papua New Guinea as a 
whole . 
Electricity 
Electric cars have already been d eveloped in many countries , 
including Australia , and are a regular component of the urban transport 
fleet in London ( Bockris , 1974 ) . The energy cost of an e lectric motor 
vehicle depends on the means of generating electric ity to be u se d . 
With hydropower ,  the energetic e f ficiency of electric car s  is at least 
five time s that of petroleum driven behic les ( Netsche rt , 1 9 7 0 )  . Howeve4 
the costs of the elec tric ity vis a vis petroleum products is the 
ul timate d eterminant of the economic viabil ity of el ectric powered 
vehic les . We antic ipate the costs in Papua New Guinea on a petrol 
equivalent bas i s  to be between 56 and 152 toea ( Aus . 67� to $ 1 . 8 2 )  per 
gallon ( Kl = A$1 . 2 5 = US $ 1 . 4 5 ) . 
The use of e lectri c vehic l e s  would be restric ted to urban 
areas because the e f fective range of current designs is of the order 
of 80krns per day . Any large - scale adoption of electric vehicles in 
an urban transport system could have advantages for load di stribution 
in electricity gene rating facil ities if electric vehic les wer e  mo stly 
to be recharged overnight . For both economic and soc ial reasons the 
use of small electric vehicles in the Papua New Guinea Public S ervice 
would appear to warrant further inve stigation . 
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Hydrogen 
The hydrogen economy is frequently spoken of in glowing terms 
( Gregory , 1 9 7 3 , Bockris , 1 9 7 5 )  even though it is undoubtedly decades 
from realisation . Hydrogen i s  an ideal transport fuel and can be 
either combusted directly in modified internal combustion engines or 
it can be used to produc e el ectric ity in fuel cel ls and thereby to 
drive e lectric motors . The ma in problems are safety and bulk in 
storage . Saf ety is al leged to be a problem of the order of that for 
handl ing natural gas when the hydrogen is used and transmitted in 
gaseous form . However ,  cryogenic liquid hydrogen storage is apparently 
expensive and potentia lly dangerous , whereas the bulkine ss of stor ing 
it in gaseous form is currently an impediment to motor transportation . 
Nevertheless , technolog ical options have been identified which may 
al leviate both problems and the fuel cel l  and hydrogen storage 
technology research is increas ingly promis ing ( Maugh , 1 97 2 , 1 9 7 2A ) . 
Even so , there is l ittle doubt that any option such as electric 
vehicle s ,  which requires a radical change away from the pre sent 
internal combustion engine and related d i stribut ion systems for 
transport fue l s , will not be a signi ficant alternative this century 
in Papua New Guinea . 
Methane gas (biogas )  
A very prac tical though stric tly l imited near term option for 
transport and for industry i s  methane gas from dige stion of urban 
sewage and organic waste s .  Biogas produc tion from bioconversion of 
sewage ha s long been a part of the operation o f  conventional s ewage 
treatment plants in developed countries , al though gas production ha s 
not been the c entral goal of such sewage treatment plants , and there 
has rarely been a net energy gain from these operations . S ewage 
treatment geared to surplus ga s produc tion and to biological ly pro ­
ductive wa ste treatment has now been propo sed for c ity-wide sewerage 
sys tems (Newcombe and Bowman , 1 978 , Newcombe and Nichols , 1978 ) . Pilot 
plants for generating gas from the effluent generated by large pig 
populations have been construc ted in densely populated areas o f  
S ingapore (McGarry , per s . comm . , IDRC , 1977 ) . Recently , a simple 
large -scale biogas plant ha s been bui lt and operated succes sful ly at 
the Canberra Abattoirs , Australia ( J .  Coul thard , Sanamatic Tanks , 
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N . S . W . , pers . comm . , 1978 ) . The me thane from this plant is being 
used to dr ive pe trol and d ie se l  car and truck engine s us ing a 
cheap and s imp le duel fuel system . Al though with pig and poultry 
manure as a feedstock the stripping of H2 s from the gas to be u sed 
in transportation i s  des irable because o f  the otherwi se great 
potential for corros ion of motor s ,  this is reported to be a l e s s  
severe probl em wi th bioconversion o f  human sewage . The gas 
generated in the Lae system wi ll , then , be used d irect , and careful 
monitoring of motor wear wi l l  take place .1 If a probl em i s  observed 
then iron f i l ings scrubbers wil l  be installed . S imilarl y ,  because 
compres sion wi l l  only be to 4 5 0  psi , co2 need not be stripped from 
the biogas . Thi s latter technology prov ides a useful working 
mode l  for the development of a similar system of sewage d i sposal 
in Lae which has now been de signed by Coul thard ( Sanamatic Tanks ) 
for the Department o f  Mineral s  and Energy and the Lae City Counc il 
as an outcome of thi s  research ( Coul thard , 1 9 7 9 ) . 
A S anamatic system of 6 1 , 000 gallons capac ity ha s been 
construc ted at the Taraka S ewage ponds in Lae . This wil l  convert 
into methane gas and fertil i zer , primarily nightsoil from the 
city , but a l so primary solids from the Taraka sewerage system , and 
paunch gut waste from the local abatto ir . The gas produc t  sha ll 
be 710 M3 net per day , the equ ivalent of 500 l itres of petro l . 
It wi l l  a l so yield 6 , 000 gallons o f  l iquid fertil izer ( 1% N ) , and 
1 . 5  tonne s  of sludge per day . The gas wi ll be compressed to 
4 5 0  psi and used in Lae City Council l ight trucks ; the liquid 
fertilizer wil l  be sold at 7 5 %  the pr ice of commercial nitrogen 
fertil izers ( CI F , farm gate ) , and the sludge will be incorporated 
into the city ' s  composting programme ( al so aris ing out of thi s  
research) . I f  the g a s  i s  valued at 2 2 t/l i tr e  o f  petrol equivalent 
and it takes four years for sal e s  of fertilizer to reach 90% of 
produc tion , s tarting at 1 0% in the f ir st year , then the internal 
rate of return on inve stment exceeds 2 5% . 
As an energy source , me thane gas is not signific ant in urban 
Lae . Converting hal f  the sewage of the Lae population , probably the 
1we have now decided to s crub the ga s using a wate r towe r wi th t e lorets . 
Mos t o f  the co2 and so2 wi l l  be removed in this way ( Newcombe , July , 1980 ) . 
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maximum amount that is achievabl e ,  the gas yie ld is about 1% of the 
1 980 demand for transport fue l s . However ,  the real value of the bio­
convers ion process is in its ma in product of high qual ity , pa thogen­
free fertil izer from a pathogen-rich wa ste source as part of an 
integrated nutrient cyc ling- intensive food produ ction system for the 
ci ty . 
Discussion 
Thi s re search has led to a detailed assessme nt of the patterns 
of transport and their energy requirements , both muscular ( somatic ) 
and fossil - fuel -derived ( extrasomat ic ) for the Lae urban area for 
1976-77 . Pedes trian traffic has been shown to be an important , but 
neglected , transport mode for both social and energetic reasons and 
the conc lus ions of previous inve stigators ( Commi s s ion of Enquiry , 1 97 5 ; 
Taylor and As soc . ,  1 9 7 1 ) , which recommend ed the bicyc le option , are 
once again supported . We al so bel ieve that there i s  an important , 
though subtle ,  interplay between soc ial and biological wel l -being and 
the design of the c ity in re spect of access to facil ities important 
for subsistence s uch as , market s , gardens , employment ,  recreation and 
education fac ilities .  The present Austral ian suburban layout levies 
penalties of time and distance on the low-income settlement dwe llers 
at the urban periphery by making walking or cyc ling difficult and 
dangerous . S imilarly , motor ised transport networks are imposed on 
densely populated area s , regimenting urban designs when the util ity 
of the motor vehic le is c learly marginal and when functional social 
and bio logical rel ationships are critical to smooth the trans ition 
from vil lage to urban soc iety . 
On the other hand we do not hold that motorised transportation 
is an unnecessary evil ; indeed the l iberating e ffect o f  the Publ ic 
Motor Vehic le on vil lage society is immense and its resource costs 
can be we l l  a f forded . Sensitive urban design can fac ilitate , rather 
than prec lude , the evolution of a transport system compatible with 
social and biological requirements for wel l -be ing . I t  i s  intere sting 
to observe that in settlements where cho ice wa s po s s ibl e , footpaths 
rather than roads are the access route s ( e . g .  in the design of the 
Boundary Road settlement ) . 
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Apart from the impact of transpor t systems on the soc ia l 
fabric of the community , our data show that the energy cost of a 
rapid transition to the private car , which is encouraged by pre sent 
urban p lanning , i s  great , and wil l impose a signifi cant and , i n  terms 
of mere mobil ity , unneces sary energy dependancy on the community . In 
one sense it makes l i ttle difference whether thi s energy demand i s  
met from imported or renewable energy sources sinc e  both wil l be 
expen s ive and , ul timately , l imited . 
The evaluation of locally ava ilable renewable energy sources 
for Lae , in the quest for regional self-suffic iency should really be 
viewed in the wider context of obtaining energy sel f-suffic iency for 
Papua New Guinea as a whole , for whi l e  reg istering the potential for 
an al l renewable energy supply for Lae is a useful exerc ise for thi s 
study , it is not , in itse l f , a realistic energy development obj ective 
for the country . Neverthe less , Lae was chosen as the target c ity for 
thi s  study becau se of the parallels be tween probl ems faced there and 
those faced in other urban areas in Papua New Gu inea ( and the ir hinter­
lands ) , and it appears true of energy po licy and p lanning that 
s o lutions , or options , for Lae indicate usefu l  directions for much of 
Papua New Gui ne a . 
I t  i s  apparent that the main al ternative transport fuel is 
e thanol produced from a variety o f  feedstocks . Table i1 shows the 
proportion that alcohol fue l s  could represent of total road and sea 
transport demand for Lae up to the year 2 000 . This potential i s  
related t o  the time when each o f  the options is l ike ly , in our 
e stimation , to be technologi ca l ly feasible and economically viabl e 
for Papua New Guinea . By integrating alcoho l  production with other 
industries , notably sugar and forestry , yie lds in the Morobe Province ,  
o r  the immed iate hinterl and o f  Lae , could repre sent 5 0 %  of the 
specified transport fuel requirements during the 1990 ' s . Here it i s  
assumed that b y  the m i d  t o  late 1 990 ' s  it i s  l ikely that imported 
petro leum prices wil l be such as to make dedicated fuelwood cropping , 
with alcohol as the maj or produc t ,  an economic propos ition . At thi s 
time it wil l  be pos s ibl e to grow sufficient biomas s  within a 3 0  mil e  
radius o f  Lae to meet the defic it i n  al cohol fuels from other source s . 
Given a pos s ible yield of 5 , 000 l itres of alcohol per hectare for 
Table 2 7  
1 9 7 7  
1 980 
1 98 5  
1 990 
1 995 
2 000 
1 7 7  
THE POTENTIAL OF ALCOHOL FUELS AS AN ALTERNATIVE 
TRANSPORT FUEL FOR LAE ,  UP TO THE YEAR 2 000 
( Mil lion l itre s )  
Demand for Equivalent Potential supply Alcohol fuels 
transport in alcohol of alcohol as % o f  
fuels ( 1 )  fue l s  ( 2 )  fue ls ( 3 )  total demand 
2 5 . 1 31 . 4  
3 1 . 8  3 9 . 8  
4 6 . 0  5 7 . 5  14 - 4 2  2 4  - 73 
6 9 . 9  8 7 . 4  14 - 42 1 6  - 4 8  
1 0 3 . 3  1 2 9 . 1  66 - 1 06 51 - 82 
1 5 3 . 5  1 91 . 9  1 06+ 5 5+ 
Weighted average energy value/litre of 36 . 4MJ 
( 1 )  Based on 3% per capita growth in demand , and 5% growth in 
population , per year . Includes only road and sea transport 
energy demand . 
( 2 )  As sumption is that alcohol fuels have ' e ffectively ' 8 0 %  the 
energy value of the diesel and petrol they replace . 
( 3 ) 4 . 2M litres from mo lasses by 1985 , plus over -production sugar , 
1 . 7  litres , plus 6M litres of cas sava-alcohol . *  By 1 99 5 , 5 2M 
litres of wood alcohol is avail able .  
* By 1983 between lOM l itres of sugar/c assava alcoho l may be available 
from Markham Va lley production . 
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cassava , sugarcane or fore st crops , 17 , 000 ha of additional c rops in 
2 000 would satisfy the def icit shown in Table 1 0 .  
I n  addit ion to alcohol fuels there are other less important 
options during thi s 22 year period , such as biogas and producer gas ,  
which wi l l  be demonstrated but which are unlike ly to be adopted as 
read i ly as the alcoho l fue l s  option . Electric i ty for transportation , 
or the hydrogen fue l  that may be derived from it , are definitely 
capable of supplanting al l petroleum fuel s  in the longer term , po st-
2 000 . However , as with Brazil , despite mas sive hydro-potential and 
hence a huge hydrogen fuel s potential , the end -use technology and 
related management and del ivery systems are much l e ss known at this 
stage than for alcohol fue l s , which are already in widespread use . 
Judging then , from todays technology and known patterns of transport­
ation , it seems wi se to vigorously pursue the alcohol fuel s  option and 
to continually review the progress in elec tric vehic les and hydrogen 
powered vehic les research in case important breakthroughs favour 
earlier devel opment of this option . 
The unsolved component of transportation with respect to 
alternative fue l s  is air transport . Aviation fue l s  account for 17 % of 
the transport energy flow in Lae and a ssuming that the same p ropor tion 
is maintained to the year 2 000 the aviat ion fuel demand wil l  be three 
times the 1 977 demand for all transpor t  fue l s . Onl y  in Brazil 
are there light plane s and he licopters designed to operate on 
ethanol ( Newcombe , et al . ,  1 98 0 ) , whi l s t  the rise of hydrogen a s  
an aviation fuel had a short and disastrous hi story with the Hindenburg 
d i saster , and has not been revived since . The low prospect of 
alternative fuels make s conservation of conventional aviation fuels 
a l l  the more important . The evaluation of energy conservation 
potential mad e by New Zealand scientists suggests that by a combination 
of improved de signs and of more energy ef fic ient management , aircraft 
can be 2 5- 3 0 %  more ene rgy effic ient by the mid 1 990 ' s  ( DS I R ,  1978 ) . 
In summary , the two mos t  important forward planning a ctivitie s 
which recommend themselves from this research are transport energy 
conservation and early demons tration of a l l  apparently viable renewabl e 
transport energy forms of local or nat ional importanc e . With conserva­
tion there appear to be important impl ications for human we l l-being in 
reli eving the maj ority of c itizens , the low- income group , of the 
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burden of expens ive motorised transport as a sole means of c onvenient 
acce ss to the goods and servic e s  of a subsistence l if e - styl e , and , in 
respe c t  of al ternative and renewabl e transport energy forms , it mu st 
be recalled that among st the host of commentators reporting on global 
oil supply , those who pr edic t a doubling of pric e s  in real terms by 
the early 1 9 90 ' s are in a big ma j ority . S ince the lead - time for the 
deve lopment of any s ignificant a lternative , say al cohol fuel s , is at 
least ten , if not twenty years , it is prudent for the Papua New 
Guinean Government to promote , and if need be , to subsidize , the 
early evaluation of all apparently feas ible alternative renewabl e 
transport energy sourc es . 
APPENDIX 2 AN ESTIMATION OF THE ENE RGY CONSUMED BY TRANSPORT OUT OF LAE ALONG THE H IGHLANDS H IGHWAY 
Tab l e  A* : Number of veh icles pe r  week going from Lae to -
Veh icle Bulolo Bulolo T/o Nadzab Markham Bu lolo/ Easte rn Beyond Eastern 
type Turno ff Nadzab Val l ey Wau High lands H ighlands 
Car 785 7 5  1 0 30 2 1 2  8 8  4 3  1 9  
U t i l i ty 8 6 5  7 9  5 6 4  3 4 1  2 38 1 5 4  74 
PMV 4 6 3  9 3  2 4 8  389 2 2 1  66 24 
L .  Truck 3 2 2  2 2  1 7 0  104 130 82 77 
H .  Truck 60 5 3 9  4 6  8 7  1 6 5  2 3 1  
Othe r * *  5 6  2 2 8  1 4  10 2 l 
Di s tance from 
Lae (Km) 7 2 6  3 3  1 6 0  146 2 13 2 1 3 * * *  
* Taken from the Department o f  Transpor t Highlands H ighway Su -vey conducted i n  December 1 9 7 7 .  
• •  P redominantly buses . 
* * *  The interes t is in the distance t rave l le d  by vehi c l e s  on petro l  and d i e s e l  purchases made in Lae . 
Trave l f urth e r  than 2 1 3Kms would use s tocks bought en route . 
Table B : Fuel cons umEt ion for trave l  on H ish l ands Hi�hwa� (Li tres/week ) 
Veh i c le Bulolo Bulolo T/o Nadzab Markham Bulolo/ Eastern Beyond Easter n Total 
type Turnof f  Nadzab Val ley Wau H igh l ands H ighlands 
A .  P e t ro l  
Car 6 1 7  2 19 3 8 1 9  3 8 1 1  1 4 4 3  1 0 2 9  4 4 4  1 1 3 82 
Ut i l i ty 6 80 2 3 1 2 0 9 1  6 1 30 3904 3686 1 7 7 1  1 8 4 9 3 
PMV 6 1 1  4 5 6  1 5 4 4  1 1 74 3  6088 2652 964 2 4 0 58 
B .  Diesel 
L .  Truck 704 179 75 3 5 2 00 5 9 3 1  5 4 5 8  509 3 24 3 1 8  
H .  Truck 3 3 6  9 3  9 19 5 2 5 7  9 0 7 3  2 5 1 04 3 5002 7 5 784 
Other 2 2 0  29 5 1 9  1 2 58 8 2 0  2 3 9  1 2 0  3 2 05 
Tab le A & B. For the veh i c l e  types l i s t e d , Category A assumes p e t rol use and Catego ry B ,  diesel use . 
Howe ve r some t rucks use pe t ro l  and some ut i l it ie s  and PMV ' s use d i e se l . The a ssumpt ion made of ene rgy 
form used serve me rely to estimate energy u se . 
· 
*Fuel cons ;,unpti on rates use d are 8 . 9Krn/L fo r car and u t i l i ty ; 5 . 3Km/L for PMV ; 3 . 2Km/L for L .  Truc k ; 
l . 4 I<m/L for H .  Truck and l . 8Km/L for bus . 
From Table B a t o tal of 5 3 , 9 3 3  l i tres of petrol and 1 0 3 , 307 l i tres of diesel fuel we re used in t r ips out 
of Lae which equa l s  1 8 . 5  x l 05M.J per week respect i vely . Including the roun d  trip between Lae ana5Nadzab the ene rgy cons umed in transportation out of Lae on f ue l  purchases made in Lae become s 3 , 200 x 10 M.J/ann urn .  
....... 
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MATHEMATICAL B AS I S  OF THE TRANSPORT ENERGY PROJECTIONS 
MODEL OF FIGURE 2 7 
Where ZP , YP and XP are the percentages of Lae ' s  population who walk , use 
public motor vehic les and private cars re spe ctively as their main transport 
mode and d equals the percentage natural growth rate of the population and 
e the percentage increase in the population due to migration , then , with f 
and g ass igned the percentage o f  pede strians and public motor vehicle 
trave l lers respective ly , who trans fer to the next modal leve l , we have , for 
year t 
1 .  ZPt 
2 . 
3 . 
XPt 
CAR 
XP g 
� 
T 
d P . M . V .  
yp 
f e 
� 
I 
WALKERS 
ZP 
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APPENDI X  4 ENE RGY CONVE RS ION FACTORS USED IN THE 
PAPUA NEW GUI NEA HUMAN ECOLOGY S TUDY 
Kg/gall Kg/ l  MJ/Kg MJ/ l MJ/Ga l *  
Pe trol 3 . 31 0 . 7 3  4 7 . 2 3 4 . 3 1 56 . 0 
Distillate 3 . 7 6  0 . 83 4 6 . 0 38 . 0  1 7 3 . 0 
Kerosene 3 . 5 8 0 . 7 9  4 6 . 6 3 6 . 7 1 67 . 0 
Aviation Turbine Fuel 3 . 5 5  0 . 7 8  4 6 . 6 36 . 4 1 6 5 . 5 
Av iation gasol ine 3 . 2 3 0 . 7 1  4 7 . 4 3 3 . 7  1 93 . 0 
L . P . G .  2 . 42 0 . 52 5 0 . 2 2 6 . 1 1 1 9 .  0 
Fuel Oil 4 . 2 6 0. 94 4 3 . 8  4 1 . 3 1 88 . 0 
Charcoa l  3 0 . 0 
Me thano l 0 . 7 9  1 5 . 6 7 1 . 0 
E thanol 0 . 7 8  2 1 . 3 97 . 0  
Biog a s  37 . 6  
*Rounded off to neare st 0 . 5 ;  Ca lculations i n  tables mad e  using 
l i tre value s .  
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Energy for Households 
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Introduction 
The urban household se c tor of energy use in a deve loping country 
is an e spe ci ally important one . This is true not so much be c ause o f  
the absolute magni tude o f  energy demand , but be cause of the very wide 
dive rgence in consump tion patte rns in terms of both the amounts and 
kinds of ene rgy in use between the socio-e conomi c and ethnic groups 
residing in rapi dly growing urban centre s . In Papua New Guinea the 
urban popul ati on is growing at about 7 . 5% per annum on average ( Bureau 
of S tati s ti c s , 1 9 7 8a) , or about three time s the growth rate of the 
rural population . Th is rate i s  sus tained be cause of rural to urban 
migration in addi tion to the natural in crease in the urban populati on . 
Recent immigrants from rural areas bring with them patterns of 
energy and food production and consumption adapted to a sub s i s tence 
li fe s tyle in the tradi tional vil lage envi ronment ,  for while the 
pack aged foods and pe troleum fuels of the marke t e conomy have reached 
the rural vil lage s , the emphas i s  the re i s  s ti l l  on subsi s tence cropping 
of staple roo t crops and fi rewood scavenging . 
Qui te natural ly , then , the social behaviour , te chnique s and 
te chnologies enabling thi s  subsistence li fe s tyle are practiced wherever 
pos sible in urban areas by recent inunigran ts . However , this new 
envi ronment is le s s  ab le to support these activi ties than the old , and 
the result is severe di s rup ti on of the physical e nvi ronment and of ten 
debili tating de te rioration of the tradi tional social sys tem which 
enabled the se establ ished patterns of l i fe . 
Apart from this most telling dilemma of economic deve lopment 
there is the symbolism of high- energy l i fe styles fostered by the European 
and Asian profess ionals impo rted to manage e conomic development ,  the 
Europe an remnants of the colonial era , and the newly emergent n ational 
e li te .  The patte rn s  of personal energy use adopted by the latte r  
classe s  are powe rful de te rminants o f  aspi rations for the future he ld 
by the ma jori ty of Papua New Guineans , and they act through the market 
place as a per sistent force bringing change s which , in our vi ew , are 
frequently opposite in dire c tion to those des i red for the ful filment of 
national deve lopment ob j ec tive s ( NRC , 1 9 76 ) . 
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A s  wi th the othe r sectors of energy use , a detailed end-use 
analysis reve a ls not j us t  the physical characteris ti c s  of ene rgy use , 
but the total e cologi cal con text of ene rgy flow in an ecosystem 
dominated by human-be ings . This broade r under s tanping o f  ene rgy use 
is vi ta l to e ffective ene rgy plann ing , for the patterns of ene rgy use , 
and hence the potenti al for change is inextricab ly a function of the 
patterns of use of a l l  other materi als , and in turn , of the social 
behaviour , be liefs , atti tude s ,  and expectation s of the in fluential 
groups in the population . 
This pape r reports on a s tudy o f  the patterns of ene rgy use 
amongst the urban population of Lae . An ove rview of energy use in the 
whole of the domestic sector is sought , as we l l  as use ful impre ssions 
of energy use wi th in seve ral distinct soc ial groups de fined he re by 
the ir re spec tive kinds of physi cal dwe lling ; namely , sel f-he lp urban 
se ttlemen t dwe l lings , low covenan t  formal dwe ll ings , high covenant 
dwe l l ings occupied by nationals , and those oc cupied by the so -cal led 
' expatriate s ' .  
This chapter is one of four here describing energy use 
in the urban settlement o f  Lae , Papua New Guinea , and re lates 
closely to a paper on energy use in Chimbu village soc iety 
( Newcombe et al , 1 980) . Al l these are papers of the Energy 
Policy Pro j ect of the Papua New Guinea Human Ecology Programme 
( PNGHEP ) , a programme of research initiated in 1976 and comple ted 
in 1 9 7 9 . The PNGHEP in Lae and its hinterland was supported by 
UNESCO and UNEP as part of the Man and the Biosphere Programme 
( Pro j ect Area 1 1 )  . 
The Se tting of Lae 
Lae i s  a coas tal city in the humid low land tropics ( l ati tude 
7° , longi tude 147° ) at the m::>uth of the Markham River , and the gateway 
to the ri ch agricul tural expanse of the Markham Val ley . Contac t with 
the hin terland is maintained by the Highlands Hi ghway sys tem that 
s tre tches back to the Southern Highl ands and Enga Provinces . 
In Octobe r 197 7  the popul ation of Lae was 45 , 100 of which 
18 , 2 00 we re female and 2 6 , 900 male . Of the se , 4 , 000 were non-c i ti zens 
or expatriate s .  The citi zen popul ation had grown at 5 %  pe r annum since 
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1 9 7 1 , and the whole popu lation at 3 . 3% during that per iod { Bureau of 
S tati s ti cs , 1 9 78a) . The total number of dwe llings in October 1 9 7 7  was 
recorded as 8751 o f  wh ich 8% were occupied by expatriate s .  
The distribution o f  house s by type , location and occupancy i s  
c on tained in Table 2 8 .  The high-cost hous e s  and f lats are typical o f  
suburban Aus tralia , espec ially Que ensland a n d  further North in Aus tralia . 
Low-cost dwel lings are largely cons truc ted by the National Hous ing 
Corrani ss ion to a se t of basi c  de s ign s  of 30-40 me tre s sq . in floor area . 
Dome s ti c  and worker s '  quarters are house s  of about thi s  si ze , though 
frequently smaller ,  but are located in the grounds of high cos t  housing 
or at fac tori e s  and workshops in and around the c i ty .  They include 
compound s  for polic e  worke rs , and other servic e  sector s taff . Sel f-he lp 
housing , as the name sugge s ts , is made by owners l argely at their 
expense , al though loans o f  up to K750 are available for cons truction 
materials in approved se ttlement are as . Basi c servi c es o f  road s , drains , 
demarcated b locks , pi t latrines ,  and wate r are avai l able in mos t self­
hel p  are as . The dis tinction be tween these homes and make -shi ft or 
temporary homes i s  sub tle in regard to their form, but not with regard 
to the ir location . The latter are frequently in areas not forma l ly 
assigned and for which no ti tle e xi s ts , me an ing that the occupants may 
be moved at any time . The frequency of relocation o f  the se often qui te 
large s truc ture s is high , a fact readi ly atte s ted by c omparing a eria l  
photographs taken on ly months apar t .  
Tradi tional housing refers t o  those house s in urban vi l lage s 
now surrounded by urban development . The se houses are made of roughly­
hewn bush materials including grass and thatched zoo£� , though many now 
have corrugated iron roofing .  
The Overview 
Energy is supplied to households in Lae in five distin c t , mostly 
conunercial , forms ; ele ctri c i ty , k erosen e , LPG ,  dire ct solar radiation , 
and firewood . Of cour se , much o f  the work performed in households is 
able to be performed equal ly we l l  by the somatic energy o f  muscles as 
by machine s  powered by extra-somati c energy - the energy s lave s . However , 
the transition to energy s lave s  is now in full progres s . The obvious 
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TABLE 28 DWELLINGS IN LAE URBAN AREA IN OCTOBE R 1 9 7 7  
Expatriate s  National s  
Urban Urban Urban 
Se ttlements/ 
vi llages 
High cos t 
de tached house 5 5 6  4 37 32 
High cost flat 1 1 4  7 2 9  
Dome stic and 
workers quarters 1 1 1 7  9 7  
Low cos t 
pro j e ct house 2 0 88 2 5 8  
Low cos t pro j e ct flat 340 32 
Commercial dwe l ling 48 
High cost 
se ttlement house 33 
Low cos t s e l f-help 49 1 6 7 5  
Make shi ft/temporary 
house 4 9  96 7 
Trad i tional house 
(e. g .  with thatching) 1 2 9  
TOTAL 6 70 485 7 32 2 3  
Source : De rived from percen tage breakdown of dwe llings in 
cate gorie s  compi led by Bureau o f  S tati s tics for the 
Urban S ample S urvey of Lae , Octobe r 1 9 7 7 . 
Total 
1025  
843 
12 1 4  
2 346 
3 72 
4 8  
33 
1 7 2 4  
1 0 16 
129 
8750 
1 88 
e xampl e in Lae is grass cutting where slashing wi th s imp ly fashioned 
flat ste e l  blade s i s  s lowly being replaced by motor mowers , and inside 
h igh covenant households in the private sector hand washing i s  giving 
way to machine wa shing of di shes . It i s  not mere ly a point of passing 
inte re s t  in a deve loping country with abundant labour and high urban 
unemployment ,  howeve r , thi s  analys is of en ergy flow is mostly confin ed 
to e xtra- somati c energy use . 
An ove rview of energy use in the dome s tic se ctor i s  provided in 
Table 29.. Tota l  end-use is 2 062 . 2 0 x 10 5MJ , or 10 . 8% o f  ene rgy use in 
Lae when bunkers are included . This ene rgy i s  d i s tributed 4 8 %  as 
firewood , 2 2 %  as ke rosene ,  22% as electri city , 7% as LPG ,  and 1% as 
dire ct solar radiati on . The proportion that each form o f  ene rgy make s 
o f  the total used in the sector i s  in no way i ndicative of the proportion 
e ach form make s of energy us e in a particular class o f  household . As 
wi ll be seen most energy forms e xhibit a highly skewed dis tribution 
be tween housing types .  
E le ct ri c i ty , which during the s tudy period was derived from 
hydro powe r , reached 357 3 households at mid 1 976 , and the number o f  
households supplied increased 2 %  during the study pe ri od . All high 
covenant home s ,  and many o f  the dome s ti c  workers ' quarter s attached or 
associated , are connected wi th e lectricity .  S imi l arly a l l  l ow covenant 
dwel lings con s tructed in urban areas by the National Housing Commi ssion 
are connec ted with el ectri city as a mat te r  o f  policy . I n  all , an 
e s timated 18 , 000 people , or 40% of the popul ation were suppl ied wi th 
e le c tricity in 1976- 77 , and the ave rage leve l  of supply was 1 . 9 ki lowatt 
hours per capi ta per day . 
The data on ke rosene and LPG were obtained by reworking 
oil company records , and from data from whole salers and retai lers cro s s  
checked with the balan ce o f  imports , re -exports and consump tion i n  other 
sectors , including non- fue l use .  
Kero s ene i s  uti l i zed b y  all housing type s ,  though rare ly by 
expatriate families , except oc cas ionally for the ir recreational use . 
LPG , on the other hand , is used almost e xclusively by expatri a te fami lie s , 
and data on the le ve l  and pa tte rn o f  supply are readily avai lable . 
Firewood is used by every type of hous ehold , though only small 
amounts are con sumed by high covenant households for barbecue s ,  or 
TABLE 29 ENERGY USE IN THE DOMESTI C S ECTOR ,  LAE ,  1976-77 
ELECTRICI TY KE ROS ENE 
DE TAI LS kwhxl06 MJxl0 5 Litres x106 MJxlO 5 
Total input in 
e ach form 12 . 36 445 . 2 4 1 . 2 5 4 5 9 . 7 6 
% 2 2  2 2  
Average per capi ta 
pe r day fo r 
population of 
45 , 100 0 . 75 2 . 70 0 . 0 7 2 . 79 
Population se rved by 
each ene rgy form : 
1 )  Hous eholds 3 , 5 7 3 ( act) 7 , 000 ( e st) 
2 )  People ( e st) 18 , 000 36 , 000 
Energy use for 
popu lation serve d : 
1) Per capi ta 
per day 1. 9 6 . 8 0 . 1 3 . 5 
2 )  Per househo ld 
per day 9 . 4 34 . 1  0 . 5  1 8 . 0 
L . P . G .  SOLAR 
KgxlO 3 MJxlO 5 MJxl0 5 
2 7 3 . 87 1 3 4 . 4 8 2 6 . 72 
7 1 
0 . 02 0 . 82 0 . 16 
2 ,  3 2 0  ( e st) 189 (ac t  
9 , 300 
0 . 05 2 . 7 6 . 5  
0 . 3 1 5 . 9 3 8 . 7 
FI REWOOD 
Kgxl O 3 MJxlO 
7 , 700 996 . 0  
48 
0 . 6 8 6 . 06 
5 150 ( e st) 
3 1 , 000 
0 . 7 8 . 8 
4 . 1 5 3 . 0 
TOTAL 
5 MJxl05 
2 062 . 2  
100 
12 . 5 5 
f-' 
00 
\.0 
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trad itional earthen baking , in compari son wi th daily requi rements for 
cooking in the low covenan t and se ttlement areas . Data on firewood 
consumption are derived from the survey of sampled households reported 
here , combined with urban wide household survey data on the use of open 
fire s  or wood stove s for cooking {Bureau of S tatistics , 1978b ) . 
Solar energy is uti li z ed directly for wate r heating and clothes 
drying . Only the water heating component is included in this anal ys is . 
In February 1 9 78 the number of solar col lectors which had been installed 
in Lae was surveyed . They numbered 1 89 , and the combined colle ctor 
plate are a  was 7 7 8 . 7 m
2
. Al l but a small percentage of households 
solar col lectors were fi tted out 10 and 15 years ago . Most sys tems 
appeared to be s ti ll operational , the maintenance was general ly poor 
and frequept ly trees shaded col lectors for part of each day . The solar 
input to heating water is calculated optimi stically at 50% e fficiency 
on an average instal lation at Lae of 18 . 8  MJ/m
2 
{ CS I RO ,  Divi s ion of 
Bui ld ing Re search , Aus tralia , personal communi cation , 1 9 7 8) . By this 
mean s  sol ar ene rgy contributes onl y  1% of ene rgy used by households in 
Lae . 
The combined average daily per capi ta con sumpti on of thes e forms 
of energy in households is 1 2 . 55 .MJ compared with the average consump ti on 
of firewood alone in Chimbu vi llage s of about 16 MJ per capita daily 
{Newcombe et al , 1979) . The dif ference , of course , relate s to the 
- higher thenno-dynami c quality and e fficiency and end-use of the energy 
forms used in urban households . The obvious fallacy of compari sons on 
the basi s  of enthalpy wi ll be seen again in the data from sampled 
hous eholds . 
Fieldwork : Arriving at an approach 
The purpose of fieldwork was to ascertain the patterns of end­
use in households in each broad category of physi cal dwe lling in the 
urban are a ,  and in parti cular to examine the use of non-commercial 
energy forms amongst the low income groups . Since the ob j ect of this 
research was to de fine pol icie s  to allevi ate problems observed , and to 
s tabilize the supply o f  energy to urban dwe llers in the long term , it 
was necessary to understand as much as pos sible o f  the e cological 
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context i n  wh ich energy wa s used , including the value s ,  attitude s ,  and 
related behaviours which influenced the selection o f  energy forms for 
par ti cular purpose s .  Ul timate ly , the data obtained on the dome s tic 
sector were to be combined with those from othe r se ctoral analyses to 
form the basi s  for the cons truction of a number of sc enarios in future 
energy demand and supply f or Lae . 
With limi tation s on both time and financial re source s ,  only a 
samp l e  survey of households could be envi saged . The choice , then , was 
be tween a single hal f hour interview of a representative sample of about 
500 urban households , or a les s  repre sentative , but in-depth survey of 
a smal l number o f  hou s eho lds l a s ting several weeks . Cle arly the latter 
o ffered more accurate information , and a better understanding of the 
environmen tal and cultural context of ene rgy use . As other means e xist 
by which to check the repre sentative nature of the sample , this in-depth 
me thod of data gathering was se lected . 
Six households we re sampled from each of the major hou s ing type s .  
Ove r the two week period record s were taken o f  the phys ical context of 
ene rgy use wi thin the house hold , as we ll as with re spect to some aspects 
of the historical context o f  ene rgy use by the fami l ies concerned . 
The re i s  no pre ten ce here that the se households can be regarded 
as ' average ' in a s tati sti cal sense , but neither is it obvious from our 
experience of the Lae commun ity that they are exceptional to the general 
pattern of l i fe wi thin each category o f  housing representing a sub-group 
within the popul ati on . 
In orde r  to provide some insight to the social and physical 
con text of life in each category o f  housing , two ' vi gnettes ' o f  each 
category o f  housing are provided : 
Se ttlement sel f -he lp household No . 1 
P and L are Chimbus who have come to Lae to s e ttle and find 
work . They have been in Lae for five ye ars resid ing in the 
house they bui lt for themselve s  on land they occupied in an 
in formal settl ement be tween the edge of high covenan t  
housing an d  the foothi l l s  of the Atzera Range . Their total 
househo ld in come is a min imum of K60 . 40 per fortn ight . 
During the survey the y  had four children of their own 
and three adult UJantoks sharing their house . 
192 
The house is a re ctangular wooden structure 7 m x 7 . 4  m 
wid e .  0 . 8 m o f f  the ground and is  acc e ssed b y  se cond-hand 
s te e l  s teps to a single door . It is bui lt of all second­
hand mater ial s ( see plate 5) • .  The wal l s  are 2 0 %  f lat tin , 
5% cement shee t ,  and 7 5 %  fi rewood . The first two mate ri a l s  
are from demoli tion and dump s i t e s , and the firewood i s  
scrap from a loc al veneer mi ll . The roof i s  o f  o ld corrugated 
i ron . There are three windows ranging from 0 . 2 m to 0 . 5 m,  
non e with f l y  wire screens . There are numerous hole s and 
gaps in the f loor and wal l s .  At the time o f  the survey a 
packing case 2 . 5  m x 1 . 8 m x 2 . 1  m was being fashioned into 
accommodati on for two of the adul t  wa:ntok by panel l ing one 
side wi th tin for the roo f ,  boar ding up the open end and 
leaving a door spac e ,  and lin ing the bottom s ide with 
boarding materi a l . There was an add i tional smal l  bui ld ing 
over the pi t latrine in the corner of the block . The block 
wa s almo s t  square , and 415 m
2 in all . While the l and was 
oc cupied illegal ly in the beginning , titl e s  are now being 
i s sued , and hedge s planted at the time o f  occupancy now 
d el in eate the boundar y .  
Very l ittle garden w a s  planted within the block ; j ust two 
pineappl e  plant s , and a 2m x 2m patch o f  sweet potato ( Ipomoea 
batatu s ) and aibika (Abelmoschu s  manihot ) . The family mainta ined 
three gardens of a combined area o f  4 2m
2 
outs ide of the block 
in the interstic e s  of other blocks close by . The se gardens 
grew sweet potato only at the t ime o f  the survey .  Within 
the ma in block the re were two betel nut trees , and 18 banana 
tre e s  (Musa sp . ) .  The only f ood animal s  were several hens 
and a duck ( as compared with the us ual back yard pi t in the 
settlements) . The fami ly a l so kept a dog. These anima l s  
l ived o f f  the s craps from the fami l y  me al s ,  as well a s  food 
s cavenging in the neighbourhood . 
The family had no el ec tri cal app l i ances . The only 
energy conversion devi ces were an old car wheel uti l i z ed 
a s  a fire place , and three smal l ' tin lamps ' :  frui t tins 
or glass j ars whi ch had a rag wick emerging from the top 
and subme rged in kerosene at the bottom . These serve] as 
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l ights for some of the time , but we re l e f t  burning mos t  
nights t o  ward o f f  mosqui to e s .  Fi rewood wa s never enough 
to last mo re than one night . On one day of the 14 surveyed 
brown paper wa s used for fuel , and on another night parts 
o f  the wal l were torn o f f  and burn t .  S imilarly , kerosene 
wa s bought every second day or so in one litre lot s ,  and 
on three nights none could be afforded . 
There wa s no sewe rage , though ass i s tance was avai lable 
from the Counci l  to cons truct pi t l atri nes . Th is fami ly did 
not avai l  themse lve s of this servi ce . E xc ess refus e was 
e i ther dumped in the latrin e , or burnt in heaps . There was 
not much that was not ei ther burnt ,  consumed by the an imal s , 
recycl ed ( i . e . soft drink or beer bottle s )  or buri ed . Wa ter 
wa s coll e c ted from the roo f in 44 gal lon drums . All o f  the 
thre e drums in us e held mosquito l arvae despi te the ope ration 
o f  a Counc i l  mosqui to prevention servi ce in the area . Potable 
water was fe tched from the creek in the foothi l l s  near the 
s e ttl emen t .  Within s i x  months o f  the survey the Counc i l  had 
suppli ed stand-pipe s wi thin easy acces s  of settlemen t blocks . 
Dra inage was adequate , but footpaths and the surrounds of 
hou s e s  were a quagmire afte r  rain . 
The head of the household travel led to and from his work 
as a l abourer in the company truck,  and wal ked to and from 
the pickup point . Other members of the househo ld commonly 
walked several kilome tres to the shops , entertainment areas , 
and the maj or market p lace , al though these trips we re s ome­
time s on pub l i c  motor vehi cles ( PMVs ) (modi fied tray trucks 
wi th a canopy or min i-buse s) . On rare occas ions the fami ly 
would h ire , at considerable expense , a taxi to g o  to the 
husband ' s  work plac e ,  or to town , viewing the exercise as a 
form o f  ente rtainment as much as a means of transportation . 
During the previous 12 month s  two members of the househo ld 
had returned to their vi llage in Chimbu Provinc e .  They had 
trave l l ed th ere by PMV at a cost of KlO each . The distance 
covered wa s about 700 ki lome tre s .  
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S e ttlement se l f- he lp household No . 2 
D and B were pe rhaps the mos t  ente rprising of the Chimbu 
people in our survey . They lived in a house which was 
cons tan tly be ing upgrade d , and in which they took much 
pride . D had establ ished a small business contracting to 
the Counci l to e s tabl ish and maintain drains in the 
se ttlement .  I n  addition , he maintained full employment 
as a caretake r .  His wi fe worked part- time as a c le an e r  
a t  a local mi ssion .  Throughout mos t  of the s tudy period 
the re we re five adults and one ch i ld in res idence . Fami ly 
income was a minimum of K80 per fortnight . 
D ' s  house conformed with nndern bui lding s tandards for 
a timbe r frame house . I ts foundation s ,  which were initially 
made of kwi la log core s from the veneer mi l l , were now 
being rep lace d wi th galvan ized i ron pipes se t in conc rete , 
and the logs we re be in g  burnt for cooking .  The wal l s  we re 
of ce�nt shee t ,  the roofing of new galvanized iron and 
the f loor of poli shed boards . The house was being divi ded 
into two , and se cond-hand plywood from an office in town 
was being used to line the hous e . The four windows were 
2 0 . 8m ; three had glass louvres wi th fly wire and the fourth 
was boarded up so the house could be mosqui to proof i f  
required .  Foundations we re be ing laid for e xtensions which 
wil l  double the size of the original house . 
In additi on to the main house there were two ha.us kuk ; 
one of tin 5 . 5  m2 and the other a discarded wate r tank 
2 m high and 3 . 2  m diame te r .  The latter was the new haus kuk 
and took pride of place ( see plate ) . Fires were li t in the 
middle of the floor . Pots were placed on a plat form over 
the fire fashione d from ste e l  me sh .  A toi le t building was 
placed over a pi t l atrine in one corne r of the block . 
The b lock was roughly rectangu lar , and of 400 m2 • There 
were no gardens inside the block , j ust shade trees ,  with 
grass cove ring the un trampled p lace s and a surrounding hedge . 
At a short distan ce from the house in an area under a ma j or 
powe r line , where housing was forbidden , the fami ly owned 
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P late 4 Se l f-he lp house at the foot of the Atzera Range with 
exten s ive garden in foregroun d 
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2 2 two gardens ,  one 70 m and the other 1 0 8  m . The old 
garden had sweet potato and sugarcane , pineapple , banan as 
and aibika scattered throughout . 
S ervi ces were non-exi s tent with the e xception of drains . 
Re fuse not burn t , or fed to the fami ly dog , was buried , or 
in the case of cans and non- recyc lable bottle s , packed into 
a 4 4  gal lon drum which was supposed to be emptied at 
inte rval s  by the Counc i l .  No evidence was available that 
re fuse collection occurred with regularity . Water was 
colle c ted off the roof in 44 gal lon drums , and they were 
free from mosqui to larvae . 
The fami ly owned two ke rosene lamps and a radio . The 
lamps were kept going throughout the night to avoid the 
mosqui to nui s ance . 
D frequently obtained free transport to and from work 
although he usually s tarted out the 5 km di s tance on foot . 
B walked to and from work , but usua l ly took PMV' s to the 
marke t 4 km away . The unemp loyed people in the hous ehold 
only walked wherever they we re going . 
D was the only pe rson in the household to trave l away 
from Lae in the previous twe lve months , h aving been to his 
vi l l age in a Chirnbu P rovince twice , once by PMV and the 
other ti� by car with European friend s . The total distance 
trave l led was 1 , 5 00 km . 
Low c ovenant hous ing househo ld No . 1 
Mr . and Mrs .  F are in thei r  mid-twentie s .  They have l ived in 
Lae for four years and for only eight months in thi s  class of 
housing . They Lived wi th thei r  thre e chi ldren who were all 
be low school age , and with a wantok from Mrs . F ' s vil l age . 
Mr .  F worked for the National Hous ing Commis sion as a clerk 
e arning K83 pe r fo rtnight . Mrs .  F also works . In addi tion 
Mr. F had a share in a lawn mowe r , and he and his as sociates 
employ a labourer in thi s busine ss . Gene rally , l awns �ere 
mowed for K2 each , and a lawn mowe r operator runs a regul ar 
route in a high covenant are a .  The net income from thi s 
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bus ine ss wa s approximate ly KlS per week , of which K6 wa s paid 
to the boy who ope rate s the mower .  The f arnily house was a 
standard hous ing conuni ss ion de s ign 30 m square including 
two bedrooms , a living room and the food preparati on/bathroom 
area plus a fron t verandah . Cons truction is of timbe r and the 
house has a septic tank , reticulated water , drain age and good 
road acces s .  The b lock s i te i s  3 36 m2 , o f  whi ch 150 m2 i s  
garden . The family garden was six months o l d  and planted with 
sweet potato , c limbing be ans , cas sava , sugarcane and aibika . 
Around the edges of thi s  garden , and adj a cent to the house, 
were two briar tree s , a coconut tree , an orange tree , a paw paw 
tree and a mango tree . The area not planted with garden was 
unde r lawn . S c raps from the garden such as le af matter , vines , 
we eds and lawn cl ippings were pi led up in a form of compost heap 
and dug into the soil of new garden s . The fami ly owne d  no 
dome s ti c  animals othe r than a dog which was fed en tire ly on 
househo ld s craps . 
Within the house lighting wa s by fluores cent tube s . Only 
one powe r point was installe d .  Appl iance s we re l i rni  ted t o  a j ug ,  
a radio/casse tte and an iron . Cooking was done with a double 
pot s tand kerosene wick s tove , a lthough the fami ly obtained 
broken palle ts from a transport agency in Lae for firewood , 
and cooked 01 an open fi re in the backyard on week-ends , o r  
wheneve r  otherwi se feasible . Taraka , where the ir house is 
si tuated , i s  nine mi les from Lae city and transport is 
e xpensive . Mr . F had the use o f  the employer ' s  vehicle s 
during week days . The res t  of the famil y  e i ther trave l by 
PMV or walk to and from town . During the year the fami ly 
travel led 400 km by PMV ' s to vi sit relative s in rural vi l lage s .  
Low covenant housing househo ld No . 2 
Mr . and Mrs . W we re in the ir e ar ly fortie s, we re from Papua , 
and have worked in the se rvi ce of nati onal or local government 
agencies for more than 20 years . They have four children of 
whom two attend local high s choo l and two attend primary school . 
Mr . W works for a loca l government agency and earns KS O a week 
with ove rti me . 
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The house i s  an early model Hous ing Commi s s ion con s truction , 
simi l ar in layout to that occupied by Mr . and Mrs . F .  The 
exte rnal wall s are o f  cement sheet and the inte rnal divi s ions 
are l ined wi th p lywood . The house has two bedrooms , a l iving 
room , a k i tche n/bathroom area and a verandah which for thi s 
fami ly wa s always in use . The family of Mr . and Mrs . w have 
lived here for four year s . The family owned a j ug ,  an iron , 
a rad io and a washing machine . 
Cooking was by kerosene , though a s tock of scrap timbe r from 
an industrial area in Lae was held under the house and used for 
cooki ng at week-ends in an open fi rep lace next to the verandah . 
The block wa s servi ced with reticulated wate r and wi th a 
septic tank , s ome re fuse was col lected and some burnt on s i te .  
The block was 2 15 me tre s square in total , of which 5 5  me tre s 
was under garden . The remainde r of the ground was covered with 
lawn , with o ccasional s i ngle p l ants of banana , taro and cassava 
at the edge s of the block . 
The fami l y  had the use of an employe r ' s vehicle a l l  of the 
time . During the working week Mrs . W and chi ldren used PMV ' s 
to trave l to and from town and the marke t plac e .  
The fami ly had not trave l led outside o f  Lae during the 
previous twe lve mon ths . 
H i gh covenant Nati ona l hou s ing household N o .  1 
Mr . and Mrs . C were in their mid- thi rtie s and had been living 
in urban areas for more than 1 5  years .  Mr . C was a gr aduate 
of a Papua New Guinea Teachers Col lege and taught primary 
school for n ine years . At the time of the survey he was in a 
sen ior pos ition wi th the gove rnment .  Mrs . C was a te acher . 
A n ephew who l ived with them worked at a supermarke t .  Total 
househo ld income was ove r K9 , 600 per year . 
Both Mr . and Mrs . C were born in coas tal vi l l age s in Papua . 
Mr . C owned land in the vi llage as part of hi s inheri tance and 
within five years the fami ly plans to retire to the vil l age to 
engage in bus in e s s  activi ties . 
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The house which thi s  fami ly occupied was a large four 
bedroom house of the kind al located to all personn el of the 
forme r Commonweal th Public Servi ce of Australia prior to 
Independence . Water is provided by tank at ground 
level and is pumped ele ctr ically to servi c e  the house . The 
dwe l l ing i s  sewered and drained . Al l s e rvices had been 
mai ntained to original s tandards and the surrounds were 
predominantly lawn with ornamental tree s .  The fami ly 
maintained a small vege table garden on the block , al though the 
bulk of their ve getables came from the central marke t place 
in Lae . 
The famil y  had pe rmanent acce s s  to a government vehicle . 
They did not themselve s  own a vehicl e .  Appliances in the house 
were those s tandard to all high covenant government houses ,  
although the family did not use the s tove for cooking , 
pre ferring ins tead to use a kerosene cooke r in orde r to save 
money . Simi l arly , ceil ing fan s  and many lights we re no t used . 
De spi te the se e conomie s the monthly e lectrici ty account was 
betwe en K35-40 and was regarded as a con siderable fin ancial 
burden .  The family had l ived i n  the house for three years 
and it was the fi r s t  house in which they had had a hot water 
sys tem , s tove and ceiling fans . They had had the use of a 
re fri gerator for six years , a rad io for seven years and a tape 
recorde r for three years . 
During the previous twe lve months the fami ly trave l led to 
the hus band ' s  vil l age , a total of 2 00 km by PMV. 
High covenan t  National hous ing household No . 2 
Mr . and Mrs .  K we re in their l ate twenties and had had long 
e xpe r i ence of li fe in urban P apua New Guine a .  Mr . K was a 
s en ior publ i c  servant with a National Government Department 
and Mrs . K was a graduate of an Aus tralian University .  The ir 
combined hous ehold i ncome was in exce s s  o f  Kl 2 , 000 per annum. 
The fami ly did not have s trong ties wi th traditiona l 
vil lage communitie s , and had adopted a s tandard of living 
s imi lar in many ways to that fo l lowed by midd le income 
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e xpatr iate s  in the government se rvice . Mr .  and Mrs . K shared 
no a spiration s  to return to the vi l l age to live at some later 
stage . 
There were no s i gn i fi c ant di ffe rences be tween e i ther the 
house or environs o f  thi s  fami ly and that of the expatriate 
fami ly de scribed as Mr . and Mrs . A .  I ndeed their expend iture 
was greater for e lectric i ty and on ly marginally le s s  for 
vehi cles than this e xpatriate fami ly. Mrs .  K owned a new 
1 . 3 litre sedan car , which c onstitute s the ir sole mode o f  
transport around Lae f o r  employment and recreation . 
The couple had lived i n  high covenant hous in g , in one 
case l i fe lon g , and in the other for 15 years . Both peop le 
had had e xperience o f  the full range o f  modern electrical 
household applian ce s  throughout that pe riod . 
During the past twelve months Mr .  and Mrs . K had vi s i ted 
Australia once and have trave lled to Port More sby twic e .  
H igh covenan t  e xpa triate housing ?ous ehold No . •  1 
Mr . and Mrs . A were in the ir late thirtie s and had lived in 
P apua New Guinea for more than ten years , coming originally 
from Europe and Australia.  They had children who were 
attending primary s chool in Lae . Mr . A worked as an engineer 
and Mr s .  A as a teache r .  The combined family income exceeded 
K20 , 000 per annum .  The ir house , which they le ased from Mr . A ' s 
employe r ,  was two s torie s with 40 me tres square enclosed on the 
ground floor and 1 2 0  me tres squared on the se cond . The house 
was timber framed raised on galvanised iron pi lings . There 
was c ement sheeting on the external wal ls and particle board 
on the inte rnal walls . The roof wa s of s teel she e ting with a 
parti cle board cei ling . The hous e  hatl many windows and was 
s creened against insec ts . All cons truction materials were 
imported . 
2 2 The block si te i s  840 m , of which 6 5 0  m was lawn with 
ornamental shrubs and shade tree s . The only food plants were 
four coconu t and three avocado tree s . A mower service called 
eve ry month to trim the lawns . The re were no food animal s 
main tained , though the household had two dogs which were fed 
on c anned pe t food . 
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The dwelling wa s serviced b y  electricity , reticulated 
water , sewerage and drainage , and refuse was collected 
re gularly . The fami ly ho use had 2 3  ele ctr i cal appl iances , 
2 2  light fi ttings , a gas s tove and oven , plus ele ctrical 
cooking appl iances and wood fuel barbe cue outdoors . The fami ly 
had uti l ised mos t  of these common electrical appliances for 
be twee n  9- 16 years al though one third of the appliances had 
been purcha sed during the pas t four years . .The combined power 
rating of the se household appli ances , other than lights was 
7 . 5 kW . The famil y  also owned a pe trol -powered lawn mower . 
Transportati on was exclus ive ly by car . Mr . A had the use 
of an emp loyer ' s  vehi cle as a condition of hi s emp loyment and 
the family owned a l . 3  l i tre sedan for use outside of work hours 
and by Mr s .  A during the wee k .  
The ene rgy forms used by the househo ld d irectly include 
ele ctri city , LPG , firewood and petrol . 
During the previous twe lve months the fami ly travelled 
40 , 000 km by air , about 1 , 000 km by train , 6 00 km by boat and 
5 , 000 km by car , al l as part of thei r  rec reational leave . 
High covenan t e xpatriate hous ing household No . 2 
Mr . and Mrs . B we re in their late twent i e s . Mr . B was a 
company director and Mrs . B worked as a secretarial assistant 
for another firm .  Both are Aus tralian , having arrived in 
Papua New Guinea two years ago with intent i on s  of staying no 
more than five years . The combined family income exceed s  
K 30 , 000 per annum . Thei r  house wa s provi ded by the compa ny . 
I t  was a two-storey concrete block house wi th l arge glass 
panel s  and a s teel panel roo f .  The firs t floor was of timbe r 
boardi ng and the inner wa l ls were of timbe r pane l ling and 
cement shee ting . 
The house was fully air - conditioned though ceil ing fans 
were also instal l ed  and all doors and windows were screened 
from insects . 
The block s i ze is 1440 2 m ,  of which 1 1 88 m
2 wa s under lawn , 
with occasional trees of no food val ue . There was a 36 m
2 
swinuning pool and a barbecue area . There wa s no food garden 
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and no food animal s .  The household mainta ined two dogs and 
three turtl e s . 
The dwe lling wa s serviced by e lectri c ity , sewerage , 
drainage and re fuse col le ction , and borders a counci l  
maintained road . Water wa s caught from the roof i n  two 
2 000 gallon tanks and pumped on demand in to the house . 
There were 40 ele ctrical applianc es in the house , and 
. 36 separate light fi tti ngs . The total combined power rate 
of the e lec tr ical appliance s  in regular use was 1 7 . 2 5 kW . Mr .  
and Mrs .  B operated two sedan cars , one o f  which was owned by 
the company . They also owned a 135 HP cabin cruiser which 
was used re gu larly for recreation at week-ends. Energy forms 
used by the household inc luded electr i c ity , fi rewood , petro l 
and an outboard motor mix . 
During their previous annual holidays the famil y  travel led 
about 1 2 , 000 km by air , and 500 km by road . 
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SAMPLE D  HOUSEHOLCS 
Me thodology 
The pa tte rn of fie ldwork di ffered markedly be tween each 
category of household . Sett lement hous eholds we re vi s i ted dai ly 
throughout the 14 day pe riod , usually j us t  after work and prior to 
commencement o f  cooking for the even ing meal , around 4 . 30-5 . 00 p . m. 
Low covenant housing was vis i ted every two or three days depending 
on the hous ehold , and high covenan t  hous eho lds were vi sited only 
three time s during the period . 
For e ach household , the household members and the i r  employmen t  
were re corded , a s  we l l  a s  the usual IOC>de o f  transportation around the 
urban are a . Movements by the head of hous eho ld during the pas t  twe lve 
months were al so re corded . On day one of the s tudy period ques tions 
on the usual patte rn of ene rgy used we re asked and thes e  we re compared 
with the actual data obtained at the end o f  the study period . A 
descripti on o f  the total phys i cal envi ronment of each hous ehold was 
recorded during the period . Thi s included dimensions and c ontents o f  
the house and garden , ene rgy using appliances and supers tructure 
mate rial . Data on sewe rage , water supply , drainage , refuse collection 
and publi c  acce ss we re a l so re corde d .  
The two senior repre sentative s o f  the household , usual ly husband 
and wife , we re asked about their experience of the energy using 
appliances the y  owned . How much of the i r  l i fe had they owned and 
uti l i zed e ach kind of appliance? For all households where i t  was 
pos s ible ,  daily re cord shee ts were i s sued for residents to comp lete 
the time of use of any ene rgy-using appliance , including lights . Di agrams 
of the circui try in the house we re made and the power rating of each 
appli ance recorded . The dur ation of the dai ly use of e ach appliance 
was then e stimate d  by the householder and the she ets used to record 
the se were col le cted regularly by the fie ldworke rs . For each house 
rul e s  we re drawn up for e stimating e le c tricity used for heating water . 
Actual con sumption of e le ctric i ty was recorded during the period , and 
the previous e le ctricity accounts we re obtained to provide a cross che ck 
on the compi lation o f  e le ctricity use through each end-us e .  
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LP G gas cyl inders were weighed be fore and after the s tudy period , 
and average accoun ts also re corded . Ke rosene use in high covenant 
national households was avai lable from expendi ture re cords taken during 
the same period ( Chri s tie , 1980) . In sel f-he lp home s kerosene was not 
being purchase d from a fixed-price outle t even though by l aw al l outlets 
were supposed to se l l  at price s pos ted by the pri ce controlle r .  
There fore ke rosene bought by se l f-he lp householde rs was we ighed to 
dete rmine vo lume and price per un i t  volume . 
Recording firewood use accurate ly was perhaps the mos t  demanding 
task in terms of time and ingenui ty . To begin wi th , mos t  households did 
not have a s tock o f  fi rewood on hand . Fi rewood is usua l ly ga thered 
dai ly , depending on the source . The refore , in order to be gin recording , 
firewood had to be supplied by the rese arche r . An amount not exceeding 
two to three days con sumption was provi ded , and a sys tem devised whereby 
the householder agreed to take wood from one speci fied pile of wood only . 
This pile wa s maintained by the rese arche r at greater than the 
requi rements for one day . All wood gathered by the household was 
placed apart from thi s  pil e . E ach day the weight of fi rewood remaining 
in the ' dai ly supply ' pile was recorded , replenished by the researcher 
from wood brought in by the householder ,  and wei ghed again . 
Th is system worked we ll , especial ly since any potential foul ing 
could be re adi ly dete cted , as new wood was always di stinctive in some 
way . 
Firewood was c lassi fied according to six ge neral categori e s , 
ranging from soft wood to hard wood , and of varying moi sture contents 
( se e  Appendi x  5 ) . The net calori fic value s  assigned were undoubtedly 
con servative . Howeve r , the variation in hea t trans fer e f fi c iency from 
each type of open fi replace to the cooking ve sse l introduce s so much 
variation that any greater pre cis ion in e s timating the net he ating 
value of the wood was not warran ted . 
An in centive payment of K2 per day per hous ehold was provided 
to encourage compl iance wi th the recording patte rn established , thi s  
amoun t was not pa id over un ti l  the end o f  the recording period . This 
payment was also made in re spect o f  records being kept on dai ly 
e xpendi ture patterns by householders as par t of re lated research in 
the wide r res e arch progrannne being undertaken ( s ee Chri s tie , 1980) . 
The hous eholds chosen for study were not se lected at random . 
S e l f-he lp se ttlement househo lds were all Chimbu households , wi th othe r 
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tr iba l groups associated on ly by inter-marri age . The se Chimbu f ami l ies 
were , in fact , the urban ha l f  o f  a comparative study , on e conomi c and 
ecologi ca l behavi our ( Chr i s tie , 1980) . Hence , a gre at deal wa s known 
about the li fe condi tion s of the se people and mutual re spect was 
e s tablished we ll in advance of the energy-use s tudy . Arrangements to 
survey households in other categories were made several weeks in advance 
of the s tudy . 
Diverse pattern s o f  consumption 
The data obtained from the two weeks survey of en ergy u se in 
sampled househo lds are summar i sed in Table 30 . 
H igh covenan t  dwe l l in g  e xpatriates use three times more energy 
than se lf-he lp se ttl ers , though a compari son of the actual work value 
of the ene rgy uti l i zed wi l l  reveal a proportion far in exce s s  of thi s  
figure . 
The same comparison for low covenant housing yields a four- fold 
difference , and 2 . 6- fold for high covenant dwe ll ing national s .  
Kerosene and firewood dominate the energy usage of low covenant 
and se ttlement dwe l lers , and e lectri city was a ma j or ene rgy form in 
high covenant households . The observed pattern o f  ene rgy use in each 
househo ld cate gory is de scribed in the fo l lowing : 
i )  S e l f-he lp se ttl ement housing 
Fi rewood wa s 7 8% o f  energy used in the se hous eholds and apart 
from coinc idental lighting , was used entirely for cooking . There 
were very few wood stoves used in se ttlement areas , for they cos t  
about K2 00 and las t only a few years under ambient condi tions ; 
the main prob lem being acid attack from ashe s l e ft in the firebox . 
Now , according to the Bureau of S tatistics ( 197B:i) 96% o f  se l f­
he lp home s uti l i zed urban fires for cooking purpose s . The 
location o f  these fire s  depended on the cu ltura l group util izing 
them. Mos t  Chimbu people cook in side , exc ept for feas ts , and 
the fi rst home s they bui lt in the humid coastal urban areas have 
the same bas i c  arch i te cture as the i r  highland home s , whi ch were 
adapted to the cold n i ghts of high alti tudes ,  i . e . tiny windows , 
i f  any , and indoor fi re-place s .  Ha l f  o f  the Ch imbu households 
surveyed had deve loped a haus kuk which i s  a separate , ful ly 
TABLE 30 ENERGY USE IN THE SAMPLE HOUSEHOLDS ( MJ/CAPITA/DAY) 
DETAI LS 
Ave rage number o f  
people per household 
Ene rgy forms 
Electrici ty 
Applianc e s  
Lighting 
Cool ing 
Cooking 
Hot wate r 
S UB  TOTAL 
Ke rosene 
Cooking 
Li ghtin g 
Fi rewood 
L . P . Gas - cooking 
Solar - water 
heating 
OVE RALL TOTAL 
Se lf-he lp 
Settlement 
Housing 
6 
0 . 3 
2 . 1 
8 . 8 
1 1 .  2 
% 
19 
3 
78 
100 
Low covenant 
Housing 
Commis sion 
5 
0 . 9 
0 . 5 
1 . 4  
3 . 5  
3 . 4 
8 . 3 
% 
17 
42 
4 1  
1 0 0  
High covenant 
housing occupied 
by PNG nationals 
5 
1 .  7 
1 . 1 
0 . 8 
1 . 1 
7 . 9 
12 . 6  
0 . 8 
0 . 1 
1 3 . 5  
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enc losed s tructure j us t  for cookin g .  These were vari ous ly 
fashioned from old water tanks , packing cases , or merely crudely 
bui l t  smal ler version s  o f  their main home s , made out o f  sc rap 
timber or tin . I f  the fireplace was indoors it res ted e i ther on 
a sheet o f  tin or in an old car whee l .  Usually a piece of s teel-me sh 
is fashioned to arch ove r the fi re as a pot s tand . The local 
stove man ufacturer c laims to be invol ved in a profi table venture 
se lling a c as t  iron vers ion of thi s s imple ,  though very ine ffic ient 
s tove . We did not observe the use o f  this appli ance at any time 
dur in g  fi e ldwork . 
Firewood wa s generally s tored under houses , which were adapted 
to the humid coastal environment to the e xtent that they were 
e levated up to a metre off the ground . However , the traditional 
vi l lage practi ce of airing the wood above the fire to dry was 
not observed in Lae and frequently wood wa s very moi s t  and 
diffi cult to burn . 
Traditional greens and rice we re cooke d in pots and pans , and 
frequently swe e t  potato was baked in the ashe s of the f i re , a 
tradi tion that no doubt mi tigate s agains t  more energy effic ient 
means of cook ing , say , wi th cas t  iron or clay stoves .  
Kerose ne was used for ?coking in only one o f  the households 
surveyed , but all had the capac ity to use it for lighting , and 
mo s t  did so during the s tudy period . The average consumption 
by one fami ly who cooked for more than hal f of the time on 
kerosene , was roughly double that used for lighting on a per 
capita basis by o ther householders . Kerosene was mostly burned 
in makeshi f t  lamps crude ly fashioned from o ld frui t tins clamped 
again s t  a piece of rag at the top , or through the s l ight 
refinement of j ars with a rag wick pulled through a s l it in the 
lid . I t  is hard to dete rmine the task cons idered most important 
for the se ' tin lamps ' ,  be cause they were invariably attributed 
the fun ction o f  keeping mosquitoe s at bay , and for mos t of the 
time their lighting function appeared to be secondary , or 
coin ci den tal . These lamps would be l i t  at dusk and let burn 
long tu lai t ,  that i s , un ti l  around dawn . As such they we re an 
expens ive and even dange rous form of mosquito c ontro l .  Even the 
family in the survey group with conventional wick l amps kept 
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the se burning all night ' because of mosquitoes ' . For Chimbus 
in traditi on al highland vi llage s , inte rna l f i re s  smoke heavily 
we l l  into the night , en suring e f fective insect control . 
I t  is worthy of note that de spi te the importance of ke ro s en e  as 
a mosqu i to repe l lant , and for li ghting , no fami ly wa s able to 
a fford kerosene for use on eve ry night during the study pe riod . 
The fami l y  cooking wi th kerosene rever ted to firewood whenever 
money was in short supply. 
ii)  Low covenant hous ing commi s sion 
Al l househo lds sampled we re suppl ied with elec tric ity , though 
the wiring ins tal led provided only for one power point and 
l ights . E lectri ci ty consi s tently comprised 1 7 %  of tota l energy 
used in the se hous eholds . E lectricity consumpti on was fur ther 
divided about two thirds to appliances and one third to l ighting .  
Light ing was provided by 2 0  watt o r  4 0  watt f loure scent tubes , 
though many fami lie s  had fixed an incandescen t  lamp as an 
' outside ligh t ' , and this was l e ft burning mos t  of the n ight 
for se cur i ty . 
All fami l ie s  surve yed owned an e l e ctric j ug ,  a radio-tape 
re corder ( AC/DC) and an iron . One fami ly had a wa shing machine , 
and one a re frigerator . Chri s tie ( 1980) , interviewing the same 
fami lie s in another component of thi s re search programme , finds 
that most aspire to the owne r ship of a re frigerator as the next 
appli ance they would acquire if money were available . 
Cooking was with ke rosene and firewood and in roughly equal 
proportion s  of the to tal ene rgy input . Firewood , howeve r , was 
used mo s tl y  at we ek-end s .  The di ffe renc e s  in the e fficiency of 
end-use of ke rosene and firewood were so great tha t the firewood 
used in open fire s , at week-ends , by half of the fami l ie s  
surveyed , computes to the s ame ene rgy a s  for the kerosene used 
throughout the working week . When time was availabl e ,  c ooking 
on an open fire was s ti l l apparen tl y  preferred , even though the 
housing des i gn doe s not incorporate or acknowledge thi s cul tural 
pre feren ce . In 1976 , 46% of the low covenant housing surveyed 
in the Urban Household S urvey maintained open fire pla ce s  ( Bureau 
of S tatistics , 1 9 7 8b ) .  
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i i i )  H igh covenant nationals 
National familie s moved into government owned high covenant 
housing in large numbe rs during the 1 97 0 ' s ,  and especially 
a fter I ndependence in 1976 . These hou se s are the same as 
those now oc cupied by the maj ority o f  expatriate government 
employees . It is noteworthy , then , that in our sample , 
national occupants of high covenant hou sing used only 4 0 %  of 
the energy per capita of expatria te res idents of the same 
environment . 
An average o f  9 3 % of household energy use by thi s group was in 
the form of e l e ctr ic ity , 6% as kerosene and 1% as firewood . 
There were three maj or differences which exis ted between this 
housing type and low covenan t hous ing , which influence the 
pattern of energy use ; high c ovenant housing generally had 
electric hot water sys tems , ceil ing fans and el ectric cookers 
instal l ed a s  standard equipment . Consequently ,  nationals 
occuping high covenan t  house s use n ine times more ele ctricity 
than those in l ow covenant dwel l ings and 80% o f  thi s d i fference 
can be e xpl ained by the use of these additiona l electric 
appl ican ce s . 
El ec tr icity used for lighting and for appliances was also 
doubled . The high use o f  lighting may be explained by the need 
to il luminate much larger areas , and by higher electri c i ty 
con sumption due to large r  re frige rators and th e use of wa shing 
machines . 
One fami ly cooked wi th kerosene despite having an e lectric 
stove , be cause it was claimed that the regular use of the 
stove added far more to the e lectricity bill than they 
otherwi se spent on kerosene for the same amount o f  
cooking .  
Mo st o f  the fami l ie s  involved with thi s  sur vey found the ir 
e l e ctricity bills a great financial burden , and had already 
implemente d  means of reducing ele ctricity con sumption in 
the household by taking out l ight globe s  or fluorescent 
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tube s an d  res tr icting the use of fans . They d i d  n o t  apprec iate , 
howeve r ,  that about 60% o f  the elec tricity costs , in the ir 
parti cular circumstances , we re contributed by the hot water 
sys tem, whe re even a hal f-way turn down of the thermos tat 
would save more than any o f  the othe r conservation me thods 
already practi ce d .  
i v )  High coven ant house holds 
E le c tr i ci ty dominate s  thi s category of household , al though 
the forms of energy in use were much more diverse than for 
the o ther categori e s  of household s surveyed . E le ctri city 
use in the se households , on a pe r  capi ta basi s ,  was two to 
three t imes greater than for high covenant national households 
and 2 0  times more than in low covenant national household s .  
The mo s t  s ignificant di fference in electric i ty consumption 
come s with the appliance end-use category , which averages 
five times more electric ity than high covenant national 
hou seholds , and ten t ime s low covenant househo lds . For every 
other category o f  el ectric ity use , except hot water ,  the 
differenc e s  are in terms of mul tiples greater than one . There 
were at l east four time s more appliances , on average , in 
expatriate househo lds than fo r othe r categori e s .  The 
significantly higher power demand of wa shing machines , irons , 
refrigerators and free zers , contribute s  the greate s t  increment . 
O ther sign ificant con tributors to the appliance demand were 
hair driers , c offee perco lators ( not inc luded under ' cooking ' ) , 
vacuum c l eane r s , swimming pool pumps and dehumid ifie r s . 
Within the cooking ca tegory , toas ter s , frypan s ,  and vert ical 
gri llers ,  plus gre ate r use of oven s , are contributors to the 
high consumption . In the cooling catego ry ,  highe r consumpti on 
is due lar ge ly to the use of air- condi tioners , and to the 
gre ater use of fan s . 
Lightin g is much in creased , be cause of the hi gh den s ity o f  
spe cial e ffe ct , o r  aes the tic i llumination , using les s  e ffi cient 
incande s cent globe s , and to the invariably high proportion of 
security lighting . S ec ur i ty lighting is by far the mos t 
s i gni ficant use of lighting in high covenant households . I n  
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the houses sampled , the proportion that security l ighting 
made of total l ighting ranged from 14% to 7 7 % , with a 
weighted average of 60% . Put another way , security 
l ighting makes up 9% of total elec tric ity use for the 
households sampled . 
Electric ity consumption by expatriates for water heating 
is 4 0 %  higher than by nationa l s  occupying the same hous ing . 
The non-gove rnment high covenant hou ses occupied by 
expatriates have 2 0 0  to 3 00 l itre electric water heating 
sys tems , whereas government high covenant houses may only 
have e l ement type ' at-the-nozzle ' heating in the bathroom , 
and a 1 0  l i tre hot water storage system under the sink . 
Half of the fami l i e s  surveyed had LPG cooking systems . 
The se usual ly con s i s ted of two 10 kilo cylinders operated 
in s equence to provide a s impl e  back-up system of 
supply .  
Only one family sampled util ized a solar hot water syst em .  
S ince there were 1 8 9  systems in u s e  i n  high covenant hous e s  
and flat s , and 1 868 high covenant house s and flats , thes e  
data a r e  l ikely t o  overe stimate the current signi ficance of 
solar water heating in Lae . It was e s t imated that if the 
hot water suppl ied by solar in thi s household had been 
suppl ied instead from electricity , the additional electric ity 
consumption would have constituted 4 5 %  of the cos t  of 
electric ity to the family . 
Occasional ly , expatriate families cook outdoors with 
barbecues u sing firewood , charcoal or a manu factured 
barbecue fue l . The actual demand for barbecue fuel in 
this s ector cannot be gleaned from these data , for during 
the study period only one fami ly obtained and util ized 
firewood for a barbecue . 
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The va lidity of the samp le data 
By comparing the data obtained from sample households with 
the known , or e stimated , supply of ene rgy to the dome sti c sec tor as a 
whole the representativenes s of the s ample data can be bette r appreciated . 
Using we ighted average s tati s tics obtained from Table s  2 8 and 
30, electric i ty , ke rosene and LPG use ob tained from the survey explain 
85 % ,  88% and 91% o f  the total input to the domes ti c  se ctor de scribed 
in Tab le 29 . 
Revenue data for the domestic sector provi de d by the e le ctrici ty 
commi s s ion also enable a cros s - check on the consumption patte rn s  for 
e lectricity derived from s ample households . Us ing the exis ting tar i ff 
s tructure , the average consumption of un its pe r type of household , 
total cons ume rs , and e stimated numbers of house s  in e ach category 
connecte d , we can de rive greate r than 95% of the revenue colle cted 
by the E le c tr i ci ty Cornmi s s ion from dome s tic consume rs in Lae during 
the 1 9 7 7- 78 finan c ial year . 
Cost and be ne fi ts , s upply and demand 
The five domes ti c  ene rgy source s de alt with here , name ly ;  
e lectricity , fi rewood , kerosene , LPG and solar , c le ar ly have di f ferent 
supply and demand patte rns , and are associated with very di fferent 
e conomic and e nvironmental costs . The di f fe ring impacts mus t  be 
unde rs tood be fore any e f fe ctive forward planning of e ne rgy supply 
can occur . 
Firewood 
The data in Tabl es 2·a and 3b can be manipul ated to show that 7 0% 
of the total demand for fi rewood is from the s e l f-he lp households , 
which include s tradi tional housing and makeshift and temporary housing . 
The remaining 30% o f  demand is from low- covenant hous eholds , wi th a 
neg l igible amount by comparison , for high-covenant households . 
On the few occasions that fi rewood was observed being sold 
in marke ts in Lae during 1 9 7 8 , the price for air-dried wood was 
4 t/kg . However , at the time mos t  of the firewood was eithe r s c avenged 
from the Atzera Hil l s  and fore s t  ad j acent to the se ttlements , or 
gathered in the indus trial area , or from bui lding s i te s .  The 
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proportion of fi rewood de rived from each source is unknown but can 
be es timated from data presented in the Industrial-Cormne rcial pape rs 
o f  thi s  series ( Newcombe , 1 9 78) . The maximum amoun t of wood-o ffcuts 
avail able from j oine rie s and bui lding s i te s  was 1800 tonnes pe r year , 
and about 60% of thi s  was available to employee s ,  or to the public at 
large . The remainde r was burn t or dumped and buri ed at the local 
landfi ll was te di sposal s i te .  The only other sourc e o f  fi rewood was 
from the South Pac ific Timbe r Mil l  in one of the indus trial areas . 
Thi s  sawmi l l  generated 5 3 , 000 tonnes of waste in 1978 ; about 80% 
of whi ch was burnt , creating cons i de rable public nui sance through the 
fly ash dispersed in the proces s .  Al though it was not openly en couraged , 
vi l lage groups could fi l l  up a PMV wi th offcuts for be tween K7 and KlO , 
depending on the s i ze of the vehi c le . The average load can be e stimated 
at l . 6te fo llowing sample we ighings conducted by the Lae City Council 
for thei r  own purposes , and no more than 5 truck loads a we ek are so ld 
from the mi l l .  Hence 45 0te p . a .  is a generous es timate . Sc rap wood i s  
also removed from thi s  sawm.i l � presumably without fear o f  penalty , by 
resi dents of the Bumbu s e ttlement acro s s  the Bumbu Rive r adj acent to 
the sawmi ll . From obse rvation s of the dai ly flow of wood from thi s  
source a total o f  2 00 te/annum i s  a generous e s timate . In all , thi s  
amounts to 1 7 30 te p . a .  
Total fi rewood demand i s  e s timated a t  7 700 t e  p . a ., leaving 
about 6000 te to be scavenged from fore s t  areas around the se ttlements . 
I f  we assume an es timate of 400 te/ha of harve s table fue lwood in the 
se condary tropical fore s t  around Lae , then 15 ha would be entirely 
c leared in 1 9 7 8  j us t  to obtain fi rewood . In fact the same fore s t  i s  
being cl eared for gardening , and for s truc tural timber for s e l f-help 
and temporary hous ing , and the annual impact of addi tional burning and 
scavenging for the se purposes probab ly le ads to the annual deple tion 
of 25 to 30 ha . Figure 2 8 is a diagrarmnatic repre sen tation of the 
fi rewood flow in Lae in 1 9 7 7 - 7 8  and that which is being manage rl to 
app ly from 1 9 7 9 - 80 and onwards . 
Of course , in practi ce , the impact on the fore st of this 
scavenging i s  much more pervasive be cause , on the one hand , on ly in 
the areas irmnedi ate ly ad j acen t  to the s ettlements i s  the fores t cove r 
total ly removed ,  w ith canopy removal de creasing the more di fficult 
ac cess become s , and on the othe r hand , even a 5 0% removal of the 
standing biomass can lead to seve re ins tab i l i ty and erosion in lowland 
tropi cal fore s ts in areas of high rai n fall . 
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The legacy o f  thi s recen t exploi tati on is obvious , though the 
rami fi cation s  of the change s whi ch have taken place are sti ll not 
wide ly appre ci ate d .  In the mid- 1960 ' s  the fore sts ad jacent to Lae 
we re lar ge ly intact but for the e xtraction of high quality logs by 
New Guinea Indus tries in the late 194 0 ' s and in the 1950 ' s . The 
upgrading of the Highlands Hi ghway in the mi ddle and late 1960 ' s  
improved acces s  to Lae from the highland areas and led to rapi d 
rural to urban migration and a growth in the population of Lae at 
1 7% per annum between 1966 and 197 1 . This growth was concen trated in 
low i ncome s e ttlements , and the quite legi timate demand for food 
gardens and wood grew accordingly . 
In 1 9 79 , the frontal zone of the hil l  sys tem called the Atze ra 
Range was reverting to grass lands afte r  continual gardening , and los s 
of ferti l i ty ,  and only re l i c  spe cimen s  of the ori ginal forest canopy 
remained. The heavi ly di sse cted terrain is now deeply scored by eros ion 
often down to bed- rock , and the streams draining the area be come 
torrents of mud and debris in he avy rain . Thi s unrestrained run-off 
cause s  tens o f  thousands o f  kina damage in identifiable costs annually 
to roads and s uburban lan d . As a re sult of observations like the se 
the re cuperation of th i s  hi ll sys tem be came a maj or poli cy obj e ctive 
in the Lae s tudy ( se e  Harris ,  1978 , Newcombe et al , 1980) . 
The Chimbu households in the survey lived further from the 
hi l l s  than mos t  se ttlement dwe llers , and the ir s ource of firewood was 
mos tly i ndus trial s crap . By 1 9 78 good quality fi rewood from the forest 
could only be gathe red at some di s tance from the settl emen t s , and 
de facto owne rship of the area was split between several distinct 
groups in the s ettlements and apparent ly e ffe ctive ly pol i ce d .  As a 
re sult, when some of the Ch imbu fami lies had no scrap wood from industry 
they eithe r burn t  pape r , or cardboard , or went wi thou t .  The re was one 
ins tan ce during the survey where wal l  boards were removed from the 
houses for fi rewood ( see P late 5) . 
For those wi th cash employment the pre ssure of firewood 
shortage s leads to the ten tative adoption of kerosene for cooking , 
wi th attendan t  costs and impli cations ari s ing from an increasing 
dependance on imports . For those wi thout a s teady cash income more 
time is spent s cavenging , or me rely making do wi th much less , and 
accordingly the ir quali ty of l i fe dec l ine s .  
2 16 
P l ate 5 Fue lwood s cavenged from indus trial areas for use in the 
low in come se ttlements at Taraka , Lae . 
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Kerosene 
As c an be seen , ke rosene i s  the ene rgy form that supp lants 
fue l wood in the low covenant and se l f-he lp households , though not 
always by choi ce . Obvious ly , if wood is free and avai lable thi s  wil l  
b e  the pre fe rred ene rgy form ; but when wood 
is scarce, or the re is no provi sion to burn wood in the housing 
allocated to fami l ie s , kerosene wil l be used . Of course , kerosene i s  
a modern energy form , and is a mo r e  convenient fue l  t o  use , s o  highe r 
income groups change the i r  e ne rgy use patterns accordingly . 
Ke ro sene was available for 15 . 5 t/litre retail in Lae during 
the s tudy peri od of May 19 7 8 . Howeve r , when bought at trade s tores 
wi thi n  the s e ttlements a li tre re tai l ed for at least 2 0 t  and 2 5t a 
li tre was not an unconunon price . No famil y  surveyed had kerosene in 
the house eve ry day of the s tudy pe riod , indicating that i t  was 
purchased only when money was not required for other purpose s .  
Fi fte en months afte r  the s tudy period k e rosene was 2 0 . 7t/litre maximum 
retail pri ce , an increase o f  34% , and pri ce s o f  30t/l itre were not 
uncommon in the se ttlement trade s tore s . The OPEC price ri ses o f  
De cember 19 7 9  pushed the local pri ce o f  keros ene up an addi tional 2 0% 
ove r the latte r  pri ce s . 
We e s timate that about 60% of the nation ' s  kerosene imports 
are us ed dome s ti ca l ly in urban and per i-urban areas . I t  is obvi ous , 
then , that any improvemen t  in the supply of firewood on the one hand , 
and any equal ly convenient alternative energy form on the other, could 
signi ficantly influence the present s tate o f  import dependency , and 
improve the s tandard of living of urban settlers . 
Lique fied Petroleum Gas 
In May 1978 , LPG was three time s  more expensive than kero sene , 
and about the same price as e lectricity when used for cooking in high 
covenan t  home s . In mid- 19 79 , i t  was priced 2 5 %  higher than e l ectricity . 
Unles s  there remain special reasons for its use LPG is un like ly to 
continue to be a significan t  energy form in the domes tic sector in 
P apua New Guinea .  
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E lectricity 
Fol lowing the conversion of the e le ctric i ty supply to Lae from 
diese l to hydro-powe r in 1976 , on ly s top -gap supplies have been 
gene rated from die se l .  E le ctricity , neverthe le ss , remains amongst the 
rcost e xpensive source s of heat ene rgy in the country , and its use 
for wate r heating , cooking , and soon perhaps even air -conditioning, is 
uncompe titive in straight financial te rms with other readily avai lable 
alternative s .  Even so , the convenience o f  e le ctricity use for the se 
purpose s ,  and the fact that a great many households in the private 
se ctor have the ir e le ctricity accounts subsidi zed by the ir emp loyers , 
maintains an ine rtia in the present pattern of e le c tricity use in 
high covenant house s in Lae . 
The pri ce o f  e le ctricity to the consume r  is determined by the 
leve l of con sumption , and since the pre sent tari f f  s truc ture is a 
prorcotional b lock tari ff , the more one us es the less one pays per unit , 
on average . There is a paradox here in terms of both energy p l ann ing 
and national deve lopment goals . In the first instan ce the average 
price pai d  for electricity by the low covenant households in our sample 
was 10 . 2 t/kWh , whereas high covenant national s  paid 6 . l t/kWh , and 
expatriates paid 5 . 9 t/kWh on average . The fact that low income 
e arners pay 1 . 7 time s more ( in this samp l e )  than upper income groups 
raise s the que stion of s ocial equity , but when it is appreciated that 
these low income fami lies use electrici ty more e ffi c i ently and 
appropriate !� in thermodynamic terms , the apparent distortion is 
furthe r compounded . In e ffec t  the poor are being penal i ze d  for using 
a val uable resource e ffi ciently . The contradic tion today i s  that 
whatever the j us ti fication of the accoun ting approach to t ari f f  
structure , the peak demand on the grid for Lae wil l  b e  met b y  die se l 
generation , at least un ti l 19 84 , and the mar ginal cost o f  thi s 
e le ctricity wi l l  far exceed the present average price per uni t .  
The pre sent pri cing s tructure also serve s  to encourage the 
use of kerosene for lighting instead of the greatly superior l i ght 
source of e le ctri ci ty . S e l f-help hous eholds use four times more 
ene rgy for lighting in the form of ke rosene than do low covenant 
households in the form of e le ctricity , but they pay on ly 75% as much . 
However , thi s  comparison is compli cated by the other end-use 
kerosene lamp s , i . e . for rcosqui to contro l , as wil l  be dis cussed later 
in this pape r .  
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Solar 
Solar radi ation is used dire ctly and del ibe rate ly for water 
heating and clothe s drying in Lae . The latter is important in the 
sense that a trade-off is frequently made by hi gh covenant dwe l lers 
be tween occas ional s low drying in the wet season and ele ctric powe red 
clothes drie r s . 
The sol ar col lectors ins tal led in high covenant houses in Lae 
are , on average , olde r than ten years . I t  i s  on ly in the last two 
years that private consumers have perce ived the economic bene fits o f  
solar water heating and n e w  in s tal lations are again appearing . 
Simi larly , during 1 9 7 8  and 1979 the National Hous ing Commi ssion was 
reviewing i ts poli cy on solar colle ctor ins tallation in new homes and 
large numbe rs of new government homes were having solar hot water 
sys tems ins talled . 
The co s t  of solar hot water heating varies ac cording to whe ther 
the sys tems are imported or locally produc ed . I n  Lae , at the time o f  
th e  study , the re was one local manufacturer .  The total ins talled cost 
for a solar sys tem wi th a 2 . 5  m2 colle ctor are a ,  and manually controlled 
e le ctric boo s tin g , was about KSSO , and the payback period on investment 
ranged from three to five years depending on the present and imputed 
future leve l of ele ctri city consumption for hot water heating . 
New Energy Source s and Be tte r  Management 
Firewood 
Firewood is a maj or ene rgy source for 70% of the population , 
and as such mus t assume conside rab le importance in future planning . 
De spite the demand for 7700te (wwb) per year at 1978 leve l s  there is no 
reason why fi rewood cannot be a truly renewable en ergy form produced as 
part of an in te grated resource management programme for the city and 
its imme diate h in te rland . 
Yields of up to 20 oven-dry tonnes/hectare per year are 
readi ly achievable in short rotation fue lwood cropping in many areas 
of Papua New Guinea , and yie lds in e xcess of 30 oven-dry tonne s /hec tare 
have been recorded in the We s te rn Highlands Province .  H enc e , it is 
con ce ivable that about 2 00 hectare s o f  coppic ing fuelwood spe cies would 
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provide the c i ty • s  f irewood requirements at 1978 leve l s , and end-use 
e ff i ciencie s .  In fact, thi s i s  j us t  one element o f  the alternative 
strategy identi fied , and now under implementation . 
The first i s  waste recycl ing ; s impl y  making sawmi l l  o ffcuts 
avai lable for fi rewood in the se ttlement areas .  It is wrong that the 
bulk of the popul ation should experience d iffi culty with the supply o f  
f irewood , an d  that the y and the re s t  of the nation should suffe r  the 
seve re environmental impact of the re sul tant d e forestation , when there 
is a t  least four time s the total firewood demand burnt as o f fcuts , and 
peeler log core s , within one to ten mi le s of the various se tt lemen ts . 
The se o ffcuts o r  log core s , along with sawdus t ,  shavings and 
bark , are burnt e i ther in teepee burners or in open fires on the fore­
shore of Lae wi thi n  the grounds of the c i ty ' s sawmi l l .  Nearby reside nts 
o f  high covenant home s have for decades complained bitterly o f  the fly­
ash and smoke pa ll from thi s  burn-o f f  whi ch covers thei r  house s , gardens 
and wa shin g .  Con se cutive local government coun c i l s  have pas s ed 
reso luti ons condemn ing thi s pol lution and threaten ed to c lose the saw­
mi l l .  
Now an arrangement ha s been made between the Council and the 
sawmi l l  to donate as much of its offcuts as ne cessary to the Council 
for di s tribution to the se ttleme nt s  as firewood . The Coun c il has 
e s tabl i shed five firewood distribution cen tres in ma j or s e l f-help and 
low covenant se ttlemen ts . The se opened be tween Apri l and June 1 9 7 9 , 
and firewood sales are s lowly growing . Each d is tribution centre i s  
s taffed e i ther by the local se ttlement commi ttee o r  a contr actor to the 
counci l . S e ttlement commi tte e s  are admoni shing the further scavenging 
o f  fi rewood from the ad j acent hi lls , though unti l  the counc i l  achieve s 
actual adminis trative con tro l of the h i l l  sys tem , under a management 
plan to be d i s cussed here short ly , the se wi l l  supp ly only a smal l 
proporti on of total firewood demands . 
Wood was sold at the dis tribution centres initial ly for 3 t/kg , 
a price de signed partly to recove r  the cos t to the Council of 
tran sportation and cons truction o f  the centre s and pa rtly to enable 
fi rewood grown under supervi sion on the hills to be an e conomi c crop . 
Sales in the first few months o f  operation at the se centres did not 
exceed three tonne s  per month per centre , a few percent of the e stimated 
demand .  There fore , in Octobe r 1 9 79 , the pri ce o f  firewood was reduced 
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to lt/kg and an immedi ate increase of firewood sale s through the se 
cen tre s wa s ob se rved leading to de creased pres sure on the hil l  sys tem 
from fi rewood scaven gin g .  
The man agement s cheme re ferred to i s  code named the ' Atzera 
Pro j ect ' , after the Atzera Range of which the hil l sys tem is part . The 
Atzera Pro j e ct arose out of ear ly obse rvation s of the heavy demand for 
garden ing and wood in the hi ll sys tem and the rel ated envi ronmental 
impac t .  The Atze ra P roject is real ly one componen t of a wider 
man agement plan for the c ity , aris ing from thi s  research , which aims 
to deve lop the city of Lae as an urban-agro-ecosys tem cyc l ing nutrients 
concentrated in city wa stes back into the food cha in through intens ive 
subsistence- leve l food gardening , in corporating , as we ll , fue lwood 
cropping (Newcombe , 1979 ) . The first design of the Atzera Pro j ect 
is de scribed by Harri s ( 19 7 8 ) , and the form o f  its implementat ion , w ith 
modi fi cation , is de scribed in later reports of this UNESCO/UNEP 
Programme (Newcombe et al , 1980 ) . 
Bri e f ly , fue lwood is to be produced from both dedicated cropping 
of a mosaic of species on land with s lopes of 2 0° plus , wh ere gardening 
i s  inadvi sable , and in association with short-rotation gardening on 
les ser s lope s wi thin the hill system . The spec ie s of tree being used 
in the gardening areas are ni trogen- fixers ( Leucena sp, Parasponia sp) 
believed to be compatible with vege table production in th e agro -fore stry 
systems under trial . 
Spac ing tri als are underway for both the dedicated firewood 
cropping zone s ,  and the short-rotation agro-fores try zone . The latter 
triaJs test for combined fue lwood and vege table yie lds , and overall 
ferti lity change s through the standard rotation o f  three year s . 
It is envisaged that wood harvested as part of the rotation in 
the agro-fores try zones wi l l  be used primari ly to sati s fy the firewood 
needs of fami l i e s  concerned, with any surplus being sold through the 
fi rewood di str ibution centres . I f  the average per capi ta demand i s , 
say , lKg of wood per day , at 30% moisture content (wwb )  and there are 
six people per fami ly , the annua l requi rements wi l l  be 1 5 3 3  OD Kg , 
compared with ·a pos s ible harve st per year from giant Leucena on a 
40m x 40m plot of 2 400 OD Kg , at 15 ODT/ha annual increment . 
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The firewood cropping areas would b e  leas ed for harve s t  under 
supervis ion by the counc i l  i f , and when , the firewood was requi red . The 
chief determinant of the demand for firewood from the hill system 
plantations will be the availabi lity of o ffcuts from the sawmi l l .  P lans 
have been made to uti l i s e  all of these annually available wastes within 
the next five years for the production of pyrolytic fuel s  and charcoal 
to supply energy to indus try in Lae , and pe rhaps , initia lly , for export 
( see Chapter 3 ) . 
I f  the se scheme s come to frui tion firewood from the h i l l s  wil l  
be the only wood t o  b e  sold through t h e  di stribution centres ,  and i f  
the Atz era management plan i s  succes s fu l ly implemented , the vast 
ma j ority of this wood wi ll flow in strict accordance with the guide l ines 
of the ecological management plan . 
Finally , the third component of the alternative wood fue l 
strategy at the domestic leve l is more e f ficient combustion . According 
to exce llent re search work reported by S iwatibau ( 19 7 8 )  for F i j i ,  the 
combus tion e fficiency of firewood burned in an open fire is only 3 1 %  
o f  a wi ck-type kerosene burner . However ,  it i s  double that of an Indian 
Chula . The comparative ene rgy e ffi ciency for the local ly produced 
cast-iron stove s and for open fires in Papua New Guinea is not known , 
though it is of vita l  importance to energy planning . Hence , during 
1980 the Department of Minerals and Energy is funding resear ch on the 
energy e f ficiency and social acceptance of pre s ent , and alternative 
wood and kerosene stoves vis -a-vi s open fireplace s ( for examples of 
alternative s tove s  see Gould and Joseph , 1978 and Evans , 1 9 7 9 )  . 
In addition , the use of charcoal wil l be examined during 1980 
under a Department of Mi nerals and Energy P lanning Programme .  About 
s i x  charcoal retorts wi l l  be operated through local government counc i l s  
o r  vi llage groups t o  t e s t  the ac ceptance of charcoal as a fue l i n  
vi llage and settlement areas . Ini tially the charcoa l produced wi l l  be 
used to replace imported charcoal for barbecue s .  While hal f  the 
avai lable ene rgy is lost in the trans formation of wood to char coa l ,  the 
actua l e ffic iency of energy use in a charcoal burn er compared with an 
open fire is almost double ( Siwatibau , 1 9 78 ) . In addition , the 
convenience of handling and transporting char coal provides for greater 
economies and more flexibi lity from an overall energy planning 
perspective . Charcoal is al so an important potential substitute for 
kerosene used for cooking . 
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Kerosene 
For this fue l we are faced with two comple mentary options ; 
improved end-use e f fi ciency , and direct sub stitution with a locally 
avai lable renewable energy source . 
In sel f-help home s the ma j or form of l ighting encountered was 
the ' tin lamp ' , a poor subs titute for hur ri cane lamps . The latter 
were also in use but no pres sure lamps ( e . g .  Coleman lamps ) were 
observed to be in use in the s ettlements dur ing the study period . 
Fortunately , research in F i j i  at the Centre for Applied Studies and 
Development , Univers ity of South Pac i fic ( Siwatibau , 1978 , Table 58b )  
provides a useful compari son of the range o f  e f fi cienc ie s , and hence 
the potential savings in kerosene in re spec t of the l ighting appliances 
used in Papua New Guinea . Thi s  table is reproduced he re with 
modifications ( as Tab le 31) . 
Interpreta tion of thi s  table i s  greatly complicated by the 
perception of lighting need and of main end-us e  by the consumer . The 
Co leman lamp , we ll -pumped , provide s about 8 time s higher light density 
for four time s the fuel , when compared with a hu rri cane lamp . The 
conunon ' tin-lamp ' , however , provide s 2% of the light for 2 0% of the 
energy . Theoretically, it is one- tenth as e fficient . However , both 
' tin-lamps ' and hurr icane lamps were deployed more for thei r  va lue in 
repe l ling mo squitoe s than for lighting . 
For highlanders , in particular , the trans ition from a tightly 
sealed bush materials hut , adapted to cold nights wi th a fire burning 
slowly ins ide , to a loose ly bui l t  airy house in the lowlands , frequent ly 
with the fire away from the s leeping areas , the fume s from incompletely 
burnt kerosene repre s ent an adaptation ; that i s  a means of repe l l ing 
insects wi thout suffering the discomfort of rad iant heat from a wood 
fire during hot and humid nights . Here , then , the compar ison of energy 
e f ficiency is not eas i ly made . The correc t compari son is with the energy 
cost of f ly-wire , or perhaps of conunerc ial ly ava i l able mosqui to smoke 
co i l s , aerosol repe l lant and so on . It is pos s ible that in this context 
the use of kerosene is competitive with these other means of insect 
control . 
However ,  even when regarding k erosene lamps as lighting as we ll 
as mosqui to repe l lant devi ces , the F i j ian data suggest that hu rricane 
lamps are about five time s more efficient at providing lighting compared 
2 2 4  
TABLE 3 1  FUEL CONSUMPTION AND LIGHT INTENS I TI ES O F  SOME COMMONLY 
USED LAMPS 
Fue l  Type of Lamp 
Kerosene Standing 
Kero sene Hurricane 
Kerosene Til ley Pre s sure 
Benzine Coleman 
Pre ssure 
Kerosene Empty fish c an 
or glass j ar 
and wick 
Electricity 60 watt globe 
* l  toea = 1 . 4 5 US c ents 
Light Intensities 
Foot-candles of 
3 0cm 
mean range 
1 . 5  0-4 } 
3 . 0  1 . 3 5 }  
3 2  ( 2 0 .  7 0 }  
Badly Well 
pumped pumped 
2 0  2 5 
( 8 - 2 5 }  ( 2 0-4 5 }  
0 . 5  
4 0  
Volume 
ml s/hr 
1 2 . 01 
1 2 . 08 
4 7 . 80 
4 8 - 5 7  
9 . 81 
Cost of fuel/hr 
February , 1980 
(main ports ) 
toea* 
0 . 3 1 
0 . 3 1 
1 . 2 2 
1 . 2 6 
0 . 2 6 
0 . 63 * *  
* *  A t  average pr ice for covenant housing i n  our sampl e ;  1 0 . 5t/kWhr . 
Source : Adapted from Tabl e 5 . 8 6 ,  S iwatibau ( 1 978 ) . 
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with tin-lamps i f  the mosquito repe l lent value o f  each appliance can be 
regarded as equal . 
Where lighting is c learly the on ly end �use of a kerosene lamp , 
and reasonable l ighting dens ities are required , pres sure lamps are 
clear ly superior , and ought to be promo ted . 
With cooking the al ternative s are clearer . The Fi j ian data 
indicate that the wick stove s commonly in us e in Papua New Guinea are 
on ly 59% as e f ficient as Swedish primus stove s ( in Papua New Gu inea the 
same pres sure stove is of German or igin with the brand name ' Bat ' ) . It 
i s  intere sting though that in comparing the efficiency of th ese two 
kerosene stove s in cooking a ' Fi j ian meal ' rather than the ave rage for 
F i j ian ,  Indian and Chinese mea l s , that the wi ck stove was only 
27% as e f fi c ient ; the F i j ian me al is very s imi lar to a Papua New Gu inean 
tradi tional meal . The only problem encountered wi th pres sure stove s i s  
a fear that they wi l l  explode because of the pres sure applied . 
The po licy opt ions here inc lude extens ive pub l i c  educa t ion on 
the use and advantages of part icu lar appliances and the int rodu ction of 
an import duty in proportion to appliance e f fi c iency . 
The al ternative energy sources here are ethano l for l ighting , 
and charcoal for cooking . Ethanol is pl anned for produc tion at a scale 
of from 5-10 mill ion l i tres/annum in the Markham Val l ey l eading ou t from 
Lae by 1 98 2 . The feed stock will be sugarcane and cassava . Ethanol is an 
exc el lent c lean burning l amp and stove fuel which was used widely in the 
1 98 0 ' s  and early 1 900 ' s .  Germany manufactur ed a compr ehensive range of 
util itarian and artis tic alcohol lamps and stoves ,  inc ludi ng coffee 
percolators (Wr ight , 1 907 ) . S imilarly , the French are repor ted to have 
used methanol derived from the destruc tive distil lation of wood for 
lamps in the 1850 ' s .  Spirit stoves are sti ll sold for camping and 
special purposes , such as fondue cooking at the tabl e . 
The s e  early reports sugge st that ethano l was a superior fue l 
for lighting and that lamps had to be shie lded from direct vi ew because 
of thei r  brightness . Loca l testing of these appliances , if they remain 
available , or modi fication of existing lamps and stove s for alcohol use 
is des irable , leading perhaps to local manu facture . Ear ly reports from 
the maj or lamp manufacturer ,  the Coleman Company , suggest th at ethano l 
is not an ideal fue l  for combustion in their appliance . They report that 
the vo lumetric per formance of e thanol is on ly 60% of that of kerosene and 
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that the l ighting density is also lower . These que s tions wi ll be the 
sub j ect of r esearch sponsored by the Department of Minerals and Energy 
with the University of Technology in Lae dur ing 1 98 0 . 
S ince 60% of all kerosene use i s  wi thin the hous ing settlements 
of urban areas it is conce ivable that with appropriate appl ianc es and 
energy effic iencies that kerosene can be substituted very largely with 
a lc ohol wi thin a period of several year s . 
Charcoal 
The main substitute for kerosene for cooking is charcoal . 
There i s  no trad ition of charcoal use in Papua New Guinea , al though 
charcoal is wel l  e s tabli shed in F i j i ,  a c ountry within the same 
region , and with many s imilar i ties in cul tural c ir cumstances . 
Charcoal is a smokel e s s  fuel which is slow burning ; though at 
very high temperature s . The fact that charcoal c an introduce more 
control into cooking while satisfying many o f  the pre ferenc es which 
maintain the popularity of wood fires , such as smell and tas te o f  fire 
and food respec tively , suggests that it may be acc epted a s  an alter­
native fue l . 
Conunercial produc tion of charcoal began in the Southern 
H ighland s  o f  Papua New Guinea in 1 977 using the earthen kiln method . 
This l aboriou s me thod has not been wel l -received by local people . I n  
the Department of Minerals and Energy w e  are improving t h e  West I nd ian 
Retort method of charcoal production which is a much more s imple , 
e ffic i ent and cul tural ly compatible method ( Chandler , No date ) . 
The c arbonisation cycle is a t  most 24 hour s ,  compared with 
1 0-14 days with the earthen pit method . With the West I ndian retort , 
in the author ' s  experience , charcoal yields of about 2 0% of the oven 
d ry weight of the charge and firewood are achievabl e ,  whereas the 
earthen kiln method i s , at bes t ,  1 0 %  e f f i c ient in these terms . 
Dur ing 1 98 0  at least 6 d emons tration proj ec ts are underway 
using the We s t  Indian retort in a variety of highland , lowland and 
island c ircumstances . Suitable charcoal braz iers are being c opied 
from Thailand and Fij i to encourage village and urban settl ement l evel 
charcoal cooking . 
I t  is antic ipated that charcoal can be produced and marketed 
for Kl OO/te , which make s  i ts c onsumption economicall y  competitive with 
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kerosene o n  a thermal basis . Data provided by Siwat ibau ( 1 978 ) 
suggest that for Fi j ian meals charcoal braz ier s  in use there are 
93 % as effic i ent as Hong Kong wick-type kerosene stove s .  Whereas 
for cook ing a common Ind ian meal in Fij i ,  Hong Kong wick-stove s  are 
twice as e ffic i ent . 
Away from mainports , however ,  charcoal produc tion locally by 
vil lage people ,  for their own use , will be markedly more economic 
than kerosene . 
Electricity 
The supply of electric ity is largely from hydro-power , and 
despite a growing dependency on diesel through a defic iency in long 
term planning , there is adequate hydro -power to provide for a l l  
conceivabl e requi rements for the foreseeabl e future . Thi s hydro­
power is not c heap , however , and the development o f  the resource is 
proving to be a considerable burden on the country ' s  total borrowing 
c apac ity and on the use of the ava ilable national ski l l  bas e . Even 
though the average price per kW hour for high c ovenant houses i s  
8 . 4  U S  c ents , the consumption is s ti l l  high , and is growing i n  some 
regions at 6 -8 % per annum . 
There have been two broad options identified here , both of 
which are a lready under implementation . One is a review of tari f f s  
t o  identify the real economic distribution o f  costs , and e spec ially 
the present marginal costs o f  produc tion . 
A promotional tariff assume s , amongst other things that the 
marginal costs of production are falling , when in Port More sby the 
reverse is tru e . Both the new hydro-resource s  currently being 
developed and the diesel powered gas turbines instal led , or planned , 
to provide for peaking power , generate at higher unit costs than the 
exis ting g eneration capac ity .  I n  effect , the higher level consumers 
wil l increasingly be subsidized while their l e s s  effic ient consumption 
of the resource is rewarded with l ower pric es . 
On the other hand the lower l evel consumer s ,  who use the 
resource mos t  e ffic iently , and appropr iately , in thermodynamic terms , 
bear an increa singly d isproportionate share o f  the costs . Thi s form 
of block tariff ,  based on accounting rather than economic princ iples 
i s  a common l egacy of the early rapid growth period s  of e l ectricity 
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supply i n  developed economies , and is common i n  developing countries , 
often regardless of a context which rul e s  against its appl ication 
( Turvey and Mc Dona ld , 1 97 7 ) . There is no consideration , either , o f  
the que stion o f  soc ial e quity r elated t o  the greatly higher c o s t  o f  
electric ity to sma l l , low income user s . 
A tar i f f  review has bee n  directed by the cabinet of the national 
government , and accepted for fund ing by the Asian Deve lopment Bank . 
It is obvious that a substantia l  saving in elec tric ity , more 
particularly oil -based electric ity , can result from the ins tall ation 
of solar hot water systems on a large scal e . Proposal s have been put 
forward by the Department of Minera l s  and Energy to have the building 
r egulations amended to make mandatory the instal lation of solar hot 
water systems in all new hou ses in locations with favourabl e insolation . 
Liquefied Petroleum Gas 
LPG was as expens ive a s  e l ec tric i ty for cooking purposes at 
the time of the study period . Following rec ent price increases it i s  
3 0-50% more expensive than electric ity when used for heating purposes . 
I t  is dif ficult to imagine much increase in the con sumption 
o f  LPG in Papua New Guinea if there remains some awarene s s  o f  pr ic e 
and therma l  per fonnanc e . The present market pos ition is secur ed 
partly becau s e  of convenience and secur ity , though both of thes e  are 
que stionable today . Nevertheless , while el ectr ic ity brown-outs r emai n  
c ommon i n  Papua New Guinea , the security offer ed b y  LPG is a s ignifi­
cant factor , a s  in the pre ference for cl ean open-flame cooking by 
segments of the high-income popula tion . 
The al ternative to LPG is bioga s , al though in abso lute terms 
it is not a maj or energy source in urban areas . In Lae the City 
Counc il , the Department of Minera l s  and Energy and Appropr iate 
Technology International , have co-operated to instal l a 2 5 0m3 bio ­
conversion system . The energy production from this system wil l be 
3 1 9 . 5  x 1 0  MJ/day . The gas produc ed wi ll be u sed in vehicular 
transportation and will be reticul ated to nearby indu stry . Reticulation, 
or high pressure cyl inder s , for domestic use is be ing considered . 
The gro ss output of thi s system wil l  constitute 4 7 %  of hou sehold LPG 
use in 1 977 . An upper l imit on biogas production is that which could 
be generated from all the volatil e  solids from the target popu lation 
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for total s ewerage connec tions b y  1 981 ; 18 , 000 people .  Thi s yield 
would be equival ent to 2 . 4  times present household consumption , or 
the exact equ ivalent of total LPG use in Lae in 1 977 . 
Di scuss ion s and Conc lus ions 
Two salient po ints emerge from this revi ew of energy use in the 
domestic sector in Lae . The first is that the pres ent e f ficiency o f  
energy use , in f i r s t  law terms , can b e  very greatly increased . Wood i s  
squandered in open fires , and in a nearby timber mi l l  is simply burnt a s  
a means of di sposal ( s ee Figure 28) . Where keros ene is used for lighting , 
e f ficiencies of use can be improved many times over providing there are 
incentives for hurricane lamps to replace tin-lamps , and for pres sure 
lamps to replace hurri cane lamps in appropr iate ci rcumstance s .  Where 
kerosene is used for cooking a two to four-fold reduc tion in fue l use 
can occur if pres sure stove s replace wi ck stove s . Pre s sure stove s are 
already 40% cheaper but public education of their advan tages is requi red . 
As a function of buil ding design , ignorance , and mo st of all , 
pricing , e lec tricity is used ine f fic iently and both ta ri ff and appl iance 
e ffi ci ency changes can promote marked reductions in usage wi thout 
reducing the quality of l i fe .  
LPG i s  the only fue l that appe ars to be used appropriately in 
thermodynamic terms but thi s  is the mo st expen s ive energy form on the 
market . 
The second salient feature o f  energy use in th e dome s tic sector 
is that a l l  energy requirements can be supplied from renewable energy 
sour ces , and furthermore , that thi s complete trans ition can greatly 
enhance the quality of exper i ence of energy use , and reduce the 
ecologi cal impact of pre sent energy demands . Of course , firewood i s  
renewable , but only to the extent that the method s o f  production and 
harv e s ting serve to maintain the integr i ty of the ecosys tems from 
which it is drawn . Thi s i s not now the case ; but under the proposed 
Atzera management plan a high and su sta inabl e leve l of produc t ion of 
both fuelwood and food should be attained . 
Those fami l ie s  who have settled on land without title , or l egal 
right of occupancy , and who have bu i lt the ir own houses , and provided 
many of the ir own servic es , are still largely dependent on firewood . 
The acquis ition of f irewood may only be at the expense of labour which 
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has a negl igibl e opportunity cost , but the cost to the community of 
deforestation and subs equer.t environmental change i s  considerable and , 
in part , directly measurabl e in financ ial terms . Many of those 
families with cash incomes have chosen to purchase kerosene for 
cooking instead of scavenging for fi rewood , and many perceive thi s  
change in li fe style a s  benefic ial . However , many also adhere to the 
trad ition of cooking with wood and retain thi s  fac il ity regard less of 
income . 
Agai n  e l ect ricity from hydro-power is renewable , but not the 
diesel used to provide peak demands . Perhaps 10-20% of total domestic 
electricity demand can be swi tched to direct so lar radiation for hot 
water heating . Thi s exchange of energy forms within a renewable energy 
base is de s irable for thermodynami c reasons , but the bene fits are 
manife st in cost savings and a reduction in forei gn ski ll and capi tal 
requirements .  
Kero s ene and LPG can be replaced by alcoho l fuel s ,  charcoal 
and bioga s , given the availability o f  appropriate end -use sys tems . 
Special high pre ssure cyl inders will be required for biogas ,  plus 
additional co2 scrubbing equipment , in order to replace LPG cyl inders 
in high covenant hous eholds .  The high cost of LPG al ready sugge sts 
that this is economically feasible (LPG was about 2t/MJ to dome stic 
consumers , or Kl for lKg in January , 1 98 0 ) . 
It is worthy of note that mo st of the ene rgy management or 
development opt ions identified here are under imp leme ntation or 
feasibil ity study, by the Department of Minerals and Energy, in co­
operation with nationa l or local government agenc ies . 
Perhaps the most interes ting outcome of th is research is the 
c lari fication of differences known to exist b etween the patterns of 
energy use in each category of hous eho ld repres ented in urban areas . 
Clearly these di fferences re late to diffe ring income s and to cultural 
affil iation, and there can be little doubt that the energy-intens ive 
li festyles of higher income groups provide a mode l which greatly 
influences the aspir ation o f  lower income groups wi thin the same 
general sett ing . 
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Appen di x 5 Fi rewood Type s : Ene rgy Convers ion Factors ( MJ/Kg) 
Fi rewood Softwood Ha rdwood 
Gre en 9 . 5 8 . 9  
Ai r- dry 1 7 . 5  1 3 . 5 
We t 7 . 6  7 . 0  
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